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Preface
This report is the result of a joint project of TNO and CML on PVC in Sweden,
commissioned by Norsk Hydro.
PVC is often in discussion for environmental reasons. In such heated debates, it is easy
to loose the perspective. Issues might have become a discussion point in itself, without
that there are still clear ideas about their relative importance. This study aims at providing
such a framework for a relative evaluation in two ways. First, the study aims to indicate
how the PVC-sector performs environmentally in relation to other societal sectors. This
involves dealing with questions like: is the contribution of PVC to environmental themes
high or low compared to those from other sectors ? And how is this relation on the level
of individual substances like dioxins and mercury ? How big is the amount of lead in
PVC-waste compared to the amount of lead in other waste ? And which uncertainties are
there in such evaluations ? Second, the study tries to indicate the environmentally most
important sectors in the PVC-chain. This means dealing with questions like: if we want
to improve the environmental performance of the PVC-chain, what has the highest priority
? For which waste flows recycling scemes will give the highest improvements ?
In studies like these the support of many people is indispensable in order to get the right
data, enough data and to get it fast enough. We would like to thank everyone who
contributed. Though it is dangerous to mention certain persons specifically, since you
always forget someone, we would like to give special thanks to the members of the
Reference Group, and within Norsk Hydro to Asa Anderson, who supplied and elaborated
numerous PVC market data for the project. This project also clearly benefitted from the
constructive comments of the members of the Peer Review Committee, consisting of prof.
R.U. Ayres, W. Klöpffer and L.-G. Lindfors.
The nicest surprise, however, was the freedom the sponsor gave us to choose our way to
perform the study and to formulate the text in our report. We have been involved in quite
some other studies in tense societal debates, mostly for governments. In general it is our
experience that hard discussions with all stakeholders participating in Reference groups
are necessary before a text is finalized. As always, we've been critical. And too much
criticism of PVC might not at first glance be in the interests of Norsk Hydro. Neverthe-
less, we could follow our responsibility as independent researchers wherever we felt we
had to. We only can say: Avtar Jasser, Hans-Aksel Haugen, Marie-Charlotte Gren-
Uhrgard, Rune Niklasson (and behind the screens undoubtedly: Tore Claesson): thanks for
your professionalism and open attitude. We feel this was maybe the major factor for
success. But even more important: in our opinion open minds, a self-critical attitude and
the ability to improve the performance will be the best basis for industry to deal with the




Goal definition and scoping
PVC is a widely used polymer. At 35 %, it is also a major chlorine consumer in the
world. As one of the most important products of the chlorine industry, PVC is often
subject to discussion. Among Scandinavian countries, the discussion is particulary tense
in Sweden.
Norsk Hydro is the sole producer of PVC in Scandinavia. Norsk Hydro wants to
contribute to an objective, factual discussion on the environmental drawbacks and
advantages of the use of the material PVC. Norsk Hydro therefore asked the Netherlands
Organization for Applied Scientific Research TNO and the Centre of Environmental
Science Leiden (CML) to conduct a study of the environmental impacts related to the
PVC-chain. The goals of the study were:
1. To perform a Substance flow analysis for the Swedish situation for the material PVC
and indicate the related emissions from processes in this chain.
2. To give a quantitative indication of the relative importance of related impacts and
indicate priority PVC-chain sectors from an environmental point of view.
3. To place the impacts related to the PVC-chain in the context of impacts related to
other activities in society, e.g. by comparing the environmental burden of PVC with
the total national burden and comparing the economic market share of PVC with the
Gross National Product (GNP).
The project has resulted in a number reports. This part I is the main report. Part II
describes the inventory of mass flows and emissions in the PVC-chain. Part III gives
methodological backgrounds. All spreadsheets with the calculations are available on
request. A separate publication gives an inventory of all emissions in Sweden and
calculates total environmental theme scores for Sweden.
Methodology and approach
The applied methodoloy was inspired by the approach and results of the Dutch Chlorine
Chain Study that TNO and CML performed for the Dutch Government between 1993 and
1995. This chlorine chain study gives a comprehensive evaluation of 99 % of the chlorine
flows in the Netherlands, including all currently known emissions to the environment. The
study was the basis for the policy statement on chlorine from the Dutch Minister of the
Environment in November 1995. In brief, the approach taken was as follows:
1. A Substance flow analysis for PVC in Sweden for 1994 was performed. All material
flows related to the production of PVC, the manufacture of PVC intermediates and
final products, the use of PVC products, their accumulation and the amount of PVC
waste have been mapped. Together with the PVC, the most important additives like
lead, (organo)tin and phthalates have also been followed.
2. The emission inventory includes all emissions of the processes that take place in this
chain, as far as they are causally related to the material PVC. The emissions from the
production of the precursors chlorine, EDC and VCM are included in so far as they
are necessary for making the amount of PVC made by Norsk Hydro in Sweden, taking
the emissions of Norsk Hydro plants in Sweden as a basis. Since chlorine production,
for example, also produces other products (like caustic soda), the emissions of a whole
plant had to be allocated to each of the products. Allocation was based on physical
causality where possible, and otherwise on economic value. The allocated emissions
to a product are thus lower than the total emissions of the plant.
3. In these processes, energy and auxiliary materials are used. The supply chains of these
materials are ignored or only included in a very rough way in this project.
4. By multiplying each emission by an equivalency factor for a theme, they are translated
into scores on 9 environmental themes: global warming, ozone depletion, smog
formation, human toxicity, aquatic and terrestrial ecotoxicity, acidification, nutrifica-
tion and landfill volume. This calculation was based on the LCA-characterization step
from the CML-guide on LCA.
5. The theme scores for segments of the system studied are mutually compared to
indicate priorities. Theme scores for the PVC-chain are also compared with the total
score of all emitted substances in Sweden. The emissions from the PVC-chain of a
number of indicator substances were also compared with the Swedish total emission
of those substances. Dioxins, mercury, lead and organotin were selected, since they
are often focal points in the toxicity debate on PVC. In terms of both mass flow and
added value, the PVC system studied forms about 0.15 % of the Swedish economy.
This forms a rough benchmark for an 'average' contribution to the Swedish total
emissions.
Practical and methodological restrictions of this approach include:
LCA characterization gives potential contributions to environmental problems. It
abstracts from the time, place and duration of the emission, if thresholds are of
importance, and if receptors are present. For the toxicity themes especially, this may
lead to an over- or underestimate compared to the actual environmental problems,
additives other than lead, phthalates and (organo)tin have not been included in the
study.
it has been assumed that accumulated and imported PVC has the same composition
as the PVC currently used in Sweden for a particular application. Substances like
cadmium (possible former imports) and chloroparaffins (certain former use) are thus
excluded, which means two important historical environmental bottlenecks in the
PVC-chain are not covered in this study,
the data quality in the inventory was restricted by the short time frame available.
Results: mass flows
Table 1 gives a condensed review of the mass flows of PVC, phthalates, lead and
organotin in Sweden: the use in PVC-intermediates, the use in final consumption goods,
the stock in Swedish society and the flow with waste. The table also compares data for
the additives used in PVC with the total corresponding figure for the total use of these
compounds in Sweden. The difference between the amount in end-use and manufacture
ii
of PVC products reflects the effects of imports and exports of PVC-intermediates and
PVC-products. For example, due to the import of tarpaulins and cars with PVC-
undercoating, for phthalates the automotive sector becomes relatively important in the end-
use stage. For the stock in society we see the effect that lead stabilisers are mainly used
in long-life products and organotin mainly in short-life products. Compared to the amount
in end-use, the stock of organotin is relatively low. For waste, we see that lead in pipes
is still unimportant since the majority of pipes have not yet reached the end-of-life stage
or are left in the ground after their useful life.
The table shows that the PVC-chain makes relevant contributions to the (diffuse) new use,
societal stock and concentration of waste for (organo)tin and lead. This presents a danger
of diffuse losses to the environment, specifically from the waste stage'. Risks in a
forseeable time-frame are low. Research is in progress that might solve a number of
uncertainties about the long-term behaviour of phthalates, lead and organotin in landfills.
However, a 100 % reduction of such long-term uncertainties seems impossible. In case the
substances lead and organotin were phased out, they would still appear as waste with long-
life PVC that is accumulated in society. At this moment, these substances are generally
landfilled with flooring, cables, automotive waste, artificial leather and rigid film and foil.
Results: emissions
For each segment in the PVC-chain, emissions have been inventoried. Table 2 analyzes
the sources for phthalate emissions and for the indicator substances compares the
inventoried emissions with the policy goals for the total Swedish emissions. This
contribution is generally between 0.1 - 1.4 %. Norsk Hydro has emission reduction goals
of 90 % for dioxins and 100 % for mercury, which will result in much lower contributions
in the future (2005 to 2010). For lead and organotin the contribution might be underesti-
mated, since no 'normal case' data were available for either the emissions during the use
phase or at the manufacturing stage. Emissions in these stages might be a number of times
higher than inventoried from the processes in the waste management stage.
Table 3 compares the contribution of the emissions from the studied PVC-system with the
total Swedish scores on a broad set of environmental themes. The table also roughly indi-
cates the contribution of the production of ethene and electricity used in the PVC-chain.
On the themes acidification, nullification, odour and ozone depletion, the contribution to
the Swedish total is, even taking into account all possible uncertainties, of marginal
importance and much lower than the benchmark. The landfill volume, global warming and
smog formation related to the PVC chain are in the order of magnitude of the benchmark.
In this respect, also in relation to point 2, the tendency to introduce Ca/Zn stabilisers as an
alterantive can be questioned. Though maybe not as problematic as lead or organotin, zinc is
also a priority substance in the reduction programmes for diffuse emissions of metals in e.g.
the Netherlands. In LCAs, emissions of zinc tend to have relative high scores on terrestric
ecotoxicity.
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663 (8 % d; 2 % t)
625 (7 % d; 2 % t)
15,000 (16 % d; 4 % t)




























* The percentage indicates the relative use in PVC compared with the total use of the compound in Swedish society (d: diffuse applications and t: total applications in Sweden. Almost
all organotin in Sweden is used in PVC. Related to the use of the metal tin, the figures would be about 10 to 30 %.
Table 2: Emissions of phthalates and indicator substances from the PVC-chain (in weight and as % of Swedish policy goal emissions, 1994)
Substance
Dioxins (total air and water)
Lead (total air and water)
Mercury (total air and water)
Amount
0.4 g (1.4%)
36 kg (0.1 %)
3.7 kg (0.3 %)
Main segment/Remark ||Substance
EDC/VCM production
Waste incineration. Possible worst-case
emission from virgin pipes of 83 kg not
included. Possible worst-case emission of
several hundred kilo in stabiliser manufac-













































































VCM- and PVC- production
Several
Remarks
Uncertainty in Swedish total 30 %. High uncertainties in the model
that calculates the relatively important amounts of CH4- and CO2-for-
med from landfilled flexible PVC
The Swedish total was calculated with CFC-use data for 1992. Due to
the rapid decline of CFC-use, for 1994 this might be a high over-
estimation
Very high uncertainties in the Swedish total since for important
substances like Cr (VI) no Swedish emission data are available. High
uncertainties in the score of the PVC-chain since for phthalates diffe-
rent BCFs are available, leading to large differences in scores
A lower uncertainty than for human toxicity. The BCF for phthalates
is less important and for more relevant substances Swedish total
emission figures are available.
See aquatic ecotoxicity
Uncertainty in the Swedish total is a factor 5. The contribution of CH4
from landfill is very uncertain (see under global warming)
Low uncertainty in the Swedish total and the emissions of the PVC-
chain
Uncertainty in the Swedish total is a factor 2-3. Emission data for the
VCM and PVC production are reliable
Uncertainty in the Swedish total is about 30 %. The amount landfilled
PVC had to be estimated by rough calculations and has an uncertainty
of a factor 2
For the segments that have the highest contribution to landfill volume, we refer to the
discussion on page iii. For global warming and smog formation the following emissions
have the main contributions:
* carbon dioxide emissions from waste incineration and the EDC cracking;
* (possibly) methane and carbon dioxide emissions from landfilled plasticised PVC (the
methane emissions are based on rather questionable model calculations))
* VCM and EDC emissions from EDC/VCM production;
* VOC emissions from the p-PVC production and the manufacture of flexible PVC
products (if the assumed emission abatement measures have not been taken, the latter
dominates).
It is logical to consider measures in (one of) these segments if improvement is still
desired, despite the only average contribution. An emission reduction of VCM of almost
a factor 2 is already planned by Hydro Plast.
The toxicity scores suffer especially from high uncertainties in the Swedish total and high
uncertainties in the equivalency factors. These factors were calculated with a sophisticated,
but new method based on the Uniform System for Evaluation of Substances (USES). It
avoids the major systematic errors present in older LCA-scoring methods for toxicity. This
project demonstrated that the equivalency factors are very sensitive to defensible divergent
assumptions for the substance parameters used as an input for USES. Equivalency factors
were also partially based on outdated or unrealistic default input data and had to be
recalculated. For human toxicity, two different views were available on bioconcentration
of phthalates. Consequently, two sets of equivalency factors had to be used. Such
uncertainties forced us to consider departing from the initial approach and not performing
a translation into theme scores. We decided that this would clearly mean a loss of insight.
The most balanced view could be presented with a careful presentation of theme scores,
a discussion of the uncertainties and the conclusions based on both theme scores and
inventory data. It is clear that this made this report vulnerable to criticism. It is therefore
underlined that figures and tables have to be interpreted solely within the framework given
in this report.
It seems difficult to draw final conclusions with regard to relative importance of the
phthalate emissions for toxicity on the basis of this study alone. Table 2 shows that (due
to weathering influences) flexible PVC used outdoors is the most imporant source: roof
covering, automotive and plastisol building plate. It is generally believed that PVC is the
only relevant source of phthalate emissions, but this is only true if dissipative phthalate
uses in e.g. inks are indeed well below 1 % of the production. If the USES-equivalency
factors are adequate, phthalates seem more important than other emissions from the PVC-
chain for terrestrial ecotoxicity, aquatic ecotoxicity and (if high BCFs are used) also for
human toxicity. They only come close to the benchmark for human toxicity in the high
BCF-case. For aquatic and terrestrial ecotoxicity the supply chain of ethene scores higher
than the phthalates. As far as toxicity problems are caused by phthalates, this study
suggests that human toxicity is mainly related to phthalate emissions to air, aquatic eco-
toxicity to emissions of the relatively soluble BBP, and terrestrial ecotoxicity to the total
vi
phthalate emissions. It must be noted that currently accepted risk levels were used, which
don't yet take into account endocrinic effects. If (individual) phthalates were to show such
effects below current standards, this might result in stricter standards and thus higher
scores.
It seems contradictory that the contribution of the toxic indicator substances are all above,
and the toxicity theme scores are all below the benchmark. But the indicator substances
where chosen because they were expected to dominate PVC's toxicity problems. It is not
surprising that within the cross-section of the Swedish society that generates such
emissions the PVC-chain has a certain importance. The total toxicity problem in Sweden,
however, is caused by a much larger set of substances, to which the PVC-chain makes
only minor contributions. In brief, the contribution of 0.1 to 1.4 % to the indicator
substances means a lower (probably much lower) contribution to total toxicity theme
Conclusions
The PVC-system we studied has a number of uncertainties about environmental impacts.
One of them concerns the earlier indicated residual uncertainty about the long-term
behaviour of lead, organotin and phthalates landfilled with PVC, that still will exist after
finalizing the landfill research project. Hydro Plast has a very good emission monitoring
programme. There seems little chance that important emissions of micro-pollutants have
been missed, but on the basis of existing knowledge this cannot be stated with 100 %
certainty. Furthermore, the relatively low score of the significant emission of persistent
substances (90 kg chlorophenoles) with the USES-equivalency factor approach can not be
regarded as final proof of harmlessness. A minor uncertainty is the question whether or
not emitted EDC/VCM degrades completely to salt. A further uncertainty exists on the
amount of phthalates emitted from cables.
On ozone depletion, acidification, nullification, and odour the PVC-chain makes marginal
contributions to the Swedish total. For global warming, smog formation and landfill
volume the contributions are not totally marginal, but at or slightly below the benchmark
of 0.15 %. If lower scores are strived for, they are possible by dealing with landfill of
PVC and VOC, VCM and EDC emissions from the EDC/VCM/PVC production.
The toxicity indicator substances dioxins, lead and organotin contribute in general 0.1 to
1.4 % to the total Swedish emissions of these substances. After implementation of Norsk
Hydro's planned emission reduction measures by 2005 and 2010 these figures will be 0
to 0.14 %. The total Swedish toxicity problem is caused by a lot of other substances as
well. The contribution of 0.1 % to 1.4 % of the indicator substances to the Swedish total
2 For example: Tukker & Kleijn (1996) have shown that for Sweden chromium(VI) dominates
the Swedish total for human toxicity. Pesticides and nickel contribute for over 40 % to aquatic
ecotoxicity. Copper and cadmium dominate terrestrial ecotoxicity. None of these substances
are currently used in the PVC-chain.
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can thus certainly not be seen as a proof that the PVC-chain contributes higher to the
Swedish toxicity problems than the benchmark of 0.15 %, which indicates its importance
for the Swedish economy. Given these contributions and the much lower contribution to
the toxicity theme scores with some prudence the following statement seems possible.
PVC's contribution to the Swedish toxicity problems might, with the proviso that the
additives, which were ignored on the basis of previous evaluations, and phthalates are not
important, with some prudence be termed average. As far as toxicity problems are caused
by phthalates, this study suggests that human toxicity is mainly related to emissions of
phthalates to air, aquatic ecotoxicity to emissions of the relatively soluble BBP, and
terrestrial ecotoxicity to the total phthalate emissions. The toxicity scores for phthalates
calculated here are below the benchmark of 0.15 %. But firm conclusions are impossible,
due to the high uncertainties in toxicity equivalency factors, the Swedish totals for toxicity
and the current toxicity standards for phthalates related to their suspected endocrinicity.
The latter uncertainties can be resolved with work currently being done by Sweden and
France under the EU's existing chemicals programme. The toxicity problems in the supply
chains of ethene and the production of stabilisers, which fell outside the system, might be
important compared to those in the studied PVC-system.
This study did not evaluate the pro's and con's of measures that deal with these
uncertainties or priorities. We therefore abstain from recommendations on choices on the
technical implementation of measures.
The experience of this study is a clear warning to the LCA community not to overestimate
the potential of LCA Impact Assessment for toxic releases. We suggest that all toxicity
equivalency factors published so far should be checked and factors should be used with
prudence until this check is completed, and that the uncertainty related to each equivalency
factor should be etablished. The LCA community should be prepared that the outcome
might be that a meaningful LCA Impact Assessment for toxic releases just is impossible.
A final remark is that this study clearly benefitted from the environmental statistics
available from Swedish EPA. However, these data are not as extensive as those of, for
example, the Dutch emission records. Improved environmental statistics could improve
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1 Introduction
PVC is a widely used polymer. At 35 %, it is also a major consumer of the world chlorine
production. As one of the most important representatives of the chlorine industry, PVC
is often subject to public discussion. Arguments often centre on dioxin formation during
the production of ethylenedichloride and vinylchloride, which are raw materials for the
production of PVC. Problems concerning treatment of PVC waste, like dioxin formation
and hydrochloric acid emissions by municipal waste incinerators are also arguments used
in the societal discussion.
In Scandinavia, Norsk Hydro is the sole producer of PVC. In Sweden, PVC is currently
the subject of societal discussion. In 1994 the so-called Ecocycle commission of the
Swedish Parliament recommended phasing out flexible PVC. In 1995, the Swedish
government decided not to accept this advice. However, as a result of the parliamentary
and public debate that followed a more thorough evaluation of the environmental
performance of PVC will be carried out in 1996.
Norsk Hydro wants to contribute to an objective, factual discussion on the environmental
drawbacks and advantages of the use of the material PVC. Norsk Hydro therefore asked
the Netherlands Organization for Applied Scientific Research TNO and the Centre of
Environmental Science Leiden (CML) to conduct a study of the environmental impacts
related to the PVC-chain.
The study basically consists of a Substance Flow Analysis of PVC combined with
elements of a product Life cycle assessment (LCA). The methodology is inspired by the
approach and results of the Dutch Chlorine Chain Study TNO and CML performed for the
Dutch Government between 1993 and 1995 (Tukker et al., 1995b). That chlorine chain
study gives a comprehensive evaluation of 99 % of the chlorine flows in the Netherlands,
including all currently known emissions to the environment. The study was the basis for
the policy statement on chlorine of the Dutch Minister of the Environment in November
1995.
Chapter 2 describes the goal of this study. Chapter 3 presents the main structure of the
project and the methodological approach that is used. Chapter 4 describes the results;
conclusions are summarized in chapter 5. Part two of the study reviews the emission
inventory and part three gives the methodological backgrounds. Spreadsheets with all
calculations are availabel on request. A separate report reviews total Swedish emission
data and total Swedish LCA-theme scores (Tukker & Kleijn, 1996b).

2 Goal definition and scoping
2.1 Introduction
The environmental performance related to a material can be investigated in several ways.
Two well known approaches are product Life cycle assessment (LCA ) and Substance Flow
A nalysis (SFA ). Here we will discuss the characteristics of each approach.
With a product life cycle assessment it is possible to compare the environmental
performance of a product made with a certain material (e.g. with PVC) with another
product made with an alternative material. LCAs are thus suitable for comparing
differently designed products with the same function or for improving products.
However, such LCAs provide no insight into which part of a material chain, given the
total market shares of several products made with the material, makes the highest
contribution to the environmental problems related to this material. It might well be the
case that some minor product groups or some easy to mitigate process emissions are
responsible for relatively high environmental impacts. A substance f low analysis related
to the material can give insight into such dominant environmental bottlenecks. Once these
dominant bottlenecks are identified, LCA can be used to compare alternative measures.
SFA is not suitable for such comparisons at the level of products. The advantage of this
approach, in which a SFA is performed before switching to LCA, is that good insight is
obtained into the relative importance of the bottlenecks in the PVC-chain. The results of
the SFA are thus very suitable for objectively identifying the issues, product groups or
chain sectors which should receive the most attention from an environmental point of view
in the discussion.
2.2 Goal of the project
This study is intended to visualize the environmental impacts related to the PVC-chain.
The study should enable a factual discussion of the environmental drawbacks and
advantages of the use of PVC. Against that background, the goal of this project is:
1. To perform a SFA for the Swedish situation for the material PVC and indicate the
related emissions from processes in this chain.
2. To give a quantitative indication of the relative importance of related impacts and
indicate priority PVC-chain sectors from an environmental point of view.
3. To place the impacts related to the PVC-chain within the context of impacts related
to other activities in society, e.g. by comparing the environmental burden of PVC with
the national total burden and comparing the economic market share of PVC with the
Gross National Product (GNP).
2.3 Supervision of the project
Norsk Hydro wants to contribute to an objective, factual discussion on PVC and to assess
the environmental strengths and weaknesses of its product as a basis for further
improvement. To reach that goal, it was necessary for TNO and CML to work as
independently as possible. Therefore, the following groups were involved in the guidance
of the project:
a) A reference group, consisting of members of governmental and environmental
organizations. They are stakeholders in the PVC-debate from the Nordic countries
with different views with regard to the material PVC. The aim of the reference group
is to ensure that TNO and CML are aware of all (normative) views with regard to
PVC in Sweden. The reference group was given the opportunity to comment on all
draft reports produced during the study.
b) A scientific peer rev lew committee, consisting of three European scientists with ahigh
reputation in the field of this study. The peer review committee has given a judgement
on the scientific value of the study. The committee's task was to assess whether a
suitable methodology was applied, to assess whether a reasonable data quality was
reached and whether the methodology itself was applied properly and with sufficient
insight into its strengths and weaknesses.
Annex 6 lists the members of the peer review committee and the reference group. The
report of the peer review committee is added as annex 7 to the report.
3 Methodology and approach
3.1 Introduction
The project can be executed at three levels of detail. Box 3.1.1 indicates this more
specifically. In short the differences are:
level 1 : a substance is followed within a region during 1 year. The quality of the data
inventory is dictated by the time frame restrictions of the study.
level 2: a substance is followed within a region during 1 year. The budget and time
frame are dictated by the desired quality of the data inventory.
level 3: all the supply chains in the region that contribute to the function a material
fullfills are included in the system inventoried. This could be further extended
to include processes even if they do not take place in the region during the
scone year, but contribute to this function.
Norsk Hydro initially indicated the wish to have preliminary results available as quickly
as possible, in order to present them in the first round of the PVC-debate in Sweden.
Therefore, the inital aim was to perform a level 1 study within a time frame of 4 months.
During this work, we found a number of important problems in the applied evaluation
methodology for toxic emissions. This affected the reliability of the environmental priority
setting. Norsk Hydro decided to extend the project in order to solve these problems. At
the same time, it was decided to address the most important gaps in the data inventory.
An improvised assessment of the importance of the processes in the supply chains to the
PVC chain, like electricity generation and ethene production, would also be added.
Consequently, this final report includes a number of elements of level-2 and level-3
studies. However, the system for which the environmental bottlenecks are quantitatively
prioritized is relatively limited. Nor have all data quality problems been solved. In the
concluding chapter the consequences are indicated and options are given to extend the this
work to a full level 2 and level 3 project.
This chapter deals with the methodological approach. The following subjects are
addressed:
Drafting an 'empty' PVC substance chain and choices on the system boundaries (§3.2).
Inventory of material flows and emissions related to the substance chain (§3.3).
Grouping of emissions into cross-sections (§3.4).
Calculating theme scores from emissions (§3.5).
Normalization, evaluation and bench marking (§3.6).
Box 3.1.1
Several levels of detail for the study can be chosen. Firstly, a distinction can be made
between a regional and a. functional approach. Secondly, the effort for the data inventory
can be varied.
level 1: regional approach, limited data inventory
Level 1 follows the material PVC in a region during 1 year. Only the material PVC itself
is followed; the supply chains of raw and auxiliary materials within our outside this region
are not included. This basic PVC-system thus only includes those processes within the PVC-
chain. The study makes use of easy and quick accessible data for substance flows, emissions
etc. Though this can result in a qualitative good and detailed SFA if data availability is
good, priority will be given to pass through all the steps of the study in a short time frame
(3 months) and with a relatively limited effort for data inventory. The study gives
information on the environmental priorities within a system that is deliminated by
the region boundaries
the processes that take place in the PVC-chain within this region
level 2: regional approach, in-depth data inventory
In a level 1 study, in some cases assumptions on data will have to be made in order to meet
deadlines. During the study it will become clear in which cases this can be important. If felt
necessary after having performed level 1, it can be decided to invest additional effort in a
refined data inventory for parts of the system. The results of a level 1 study will indicate
if, and if yes where those needs are present.
level 3: extended system: regional and functional
It can also be decided to extent the basic PVC-system with other processes, like the supply
chains of several raw materials and energy. In that case not only the processes in the PVC-
chain, but also the processes in the supply chains are included in the system. Compared to
level 1, the priorities are now analysed for a more extended system. One could still choose
to stick to the orignial region. In that case the study gives information on the environmental
priorities with all the processes related to the use, production and waste management of
PVC and its precursors and auxilary materials, as long as they take place within the region
in the same year. An alternative approach only looks at the functions PVC fullfills in the
region, but takes al the processes necessary for this function into account, also if they take
place in another region or in an other year.
3.2 The PVC-chain - system boundaries and level of detail
3.2.1 System boundaries
Basically a regional SFA approach is followed. This means several system boundaries are
dictated from a methodological-theoretical point of view (v.d. Voet, 1996). Firstly, a
regional SFA is performed for a limited geographical region. The region chosen here is
Sweden. Secondly, a SFA describes material flows that occur in a limited period, usually
1 year. This contrasts with a LCA where e.g. production, use and waste management may
take place even in different decades.
The material that has been followed in this region is PVC. PVC is made from vinylchlo-
ride (VCM), that is produced from ethylenedichloride (EDC), which is synthesized by a
reaction of chlorine or HC1 with ethene. The precursors chlorine, EDC and VCM are
included as far as they are necessary for producing the amount of PVC made by Norsk
Hydro in Sweden, taking the emissions of Norsk Hydro plants in Sweden as a basis.
Chlorine is inevitably produced in a single process with sodium hydroxide. In such cases
environmental interventions for the process with the combined output have to be allocated
to the chlorine-output used in the PVC-chain. When available, physical causalities formed
the basis for the allocation. Otherwise allocation took place on the basis of the economic
vcdues of the outputs. PVC products contain various additives, like plasticisers, stabilisers,
pigments, antistatics and flame retardants that 'travel' together with PVC through the
substance chain. Time restraints forced us to concentrate on those additives that in most
evaluations are seen as the most important (e.g. KemI, 1995b and 1996b; Kapteijns, 1996).
Additives other than the following were excluded:
plasticisers (phthalates);
lead (Pb) salt stabilisers;
tin (Sn) salt and organotin stabilisers;
A 'pure' SFA normally follows the fate of one or only a few substances. This SFA also
includes all the emissions directly related to the processes in the PVC-chain as far as they
are causally related to PVC. An example: for cars the exhaust gases have not been
included, but only the emissions of phthalates from PVC used in the car. Part two
describes such allocation choices in detail. It has to be stressed that this study does not in
principle include the upstream production chains of auxiliary materials and energy, like
the production of phthalates, electricity and stabilisers. The inventory contains 'flags' that
indicate inflows from such processes into the PVC-chain (see also box 3.2.1). A
qualitative analysis was made of the probable importance of impacts related to the
production of phthalates, stabilisers and pigments. A semi-quantitative analysis was made
of the probable importance of impacts related to the production of electricity and ethene
used in the PVC-chain. For the electricity and ethene production, inventory data from
regular LCAs were used. Methodological bottlenecks forced us to perform this action with
prudence. The main problem is that not all processes covered by these inventory data take
place in Sweden, which is the primary system boundary in this study (see box 3.2.1).
Box 3.2.1
The choice for a regional approach and the exclusion of a number of upstream processes
have the following consequences:
the impacts related to the production of PVC(-products) made in Sweden that are
exported are included, and their use and waste management is excluded;
the impacts related to the production of PVC(-products) made elsewhere that are
imported are excluded, but their use and waste management is included;
the production of energy and ancillary materials used in the PVC-chain are
excluded. It concerns chlorine that is not produced on-site by Norsk Hydro/Hydro
Plast in Sweden, phthalates, stabilisers, pigments, electricity, fuel, heat, and ethene.
Table 4.2.1 list the latter excluded upstream processes as 'flags'. It can be considered to add
the related processes to our basic system, in fact extending the system boundaries. This
could be done by calculating the environmental interventions for the production of these
inflows on the basis of existing Life cycle inventories (LCIs). This so-called extended
(level-3) system is indicated in the flow-chart of the PVC-chain as well.
However, due to methodological reasons this action has to be performed with care. Since
the system boundary is Sweden, one must be carefully exclude those parts of the upstream
processes that take place outside Sweden or otherwise work explicitly with the hypothesis
that all processes take place in Sweden. E.g., with regard to ethene production the emissions
from the cracking plant (which is located in Sweden) could be included, emissions related
to oil production and refinery (located elsewhere, probably in Norway) not. With regard to
correcting for PVC import and export one should make the explicit assumption that all
production steps preceding the export of a PVC product did not take place (for export) or,
for the import of a PVC product did take place in Sweden (for import).
The advantage of working with such an extended system is that the priority setting is really
based on all environmental interventions related to PVC, since no 'flags' for uncovered
inputs are in the system any more. The drawback is that an 'artificial' Swedish PVC chain
is created, in which it is assumed that all processes related to the PVC consumption in
Sweden take place in Sweden itself. Basically the difference between what is called here
the basic system and the extended system is the same as the difference between a regional
SFA and a functional SFA (or the 'ecological Rucksack' as it is called by Schmidt-Bleek
(1993), see also: v.d. Voet (1996)).
Due to the methodological difficulties and the need for additional data gathering we prop-
osed to leave a 'real' extended system out of the project for the time being. We decided to
use direct available LCI data for ethene and electricity production. The (non-exising)
hypothesis was created that all processes included in the inventory table take hypothetically
place in Sweden. We used this approach only to get insight in the potential importance of
processes in the upstream chains in Sweden related to the processes in the PVC-chain.
In principle, therefore, our basic system is the PVC chain within the Swedish territory,
including all the direct emissions and other environmental interventions related to this
chain. It can indicate environmental priorities within this system. The system is reviewed
in the flowchart attached to this report.
3.2.2 Level of detail
The chain shown in the flow chart is divided in 5 main parts:
1. production of chlorine, EDC/VCM and PVC
2. manufacture of PVC-intermediates or end-use products mainly consisting of PVC;
3. manufacture of final (end-use) products containing PVC (components);
4. end-use of products with PVC (components);
5. waste management.
For parts 2, 3 and 4 especially, different levels of detail can be chosen. In this level-1
study, the level of detail was initially dictated by the data available and the initially
planned time frame of 4 months. Product groups were to be split up in detail if sufficient
detailed data were available. If no detailed data were available, generic product groups like
'rigid' and 'flexible' PVC would be used. Once the project was extended, only some of the
most important data gaps could be filled out. We refer to the flow chart, chapter four and
part II of this study for the level of detail reached. In this way, the level of detail of the
system concerned is fixed.
3.3 Data inventoiy
The base year chosen is 1994. This is the most recent year for which good data are
available. For each node of the system a full emission profile has been generated
(emissions, outflow of waste, inflow of raw materials and use of utilities). This is basically
the information required for a life cycle inventory (LCI)-format for a process in a node.
Where necessary, imports, exports and accumulation of PVC have been taken into account.
Data were provided by Norsk Hydro, TNO, CML and other sources. Table 3.3.1 gives a
review of data sources by chain sector. Part II of this study explains in greater detail
which data and which sources were used by PVC-chain sector.
The time frame forced restrictions on us. Maybe the most important was that in this study
the current PVC-recipes in Sweden are assumed to be valid for imported PVC and PVC
that is accumulated in the past. This might have led to underestimations of the economic
stocks, emissions from the stocks and waste flows from the stocks of additives that have
been phased out. Examples are cadmium and chloroparaffins (which have been phased out
but, especially in the case of chloroparaffins, will certainly be part of a quantity of PVC
accumulated in the past).
Table 3.3.1: Structure of the data inventory





raw material and product mass
flows (here: chlorine)
emissions of the chlorine,
EDC/VCM and PVC- produc-
tion at Hydro Plast Stenungsund
cross-check with:
- emission data from the Dutch
chlorine chain study, emission
registration systems, LCA-data-
bases and permits
- mass flow data from the chlorine





emission data reported by
clients of Norsk Hydro
market data on production, im-
ports, exports
data on the formulation of se-
veral products (additives, plas-
ticiser)
studies on additives and plasti-
cisers for the Norwegian autho-
rities
- report of the Ecocycle commissi-
on and the reactions to this report
- data from the reports of the KemI
additives project
- several reports on additives and
plasticisers of e.g. the Dutch
RIVM, TNO, ECPI
- data of Swedish branch organisa-
tions, e.g. PVC Forum and Statis-
tics Sweden
- data in LCAs on several products
like pipes, window frames etc.
- specific studies on emissions of





See 2. See 2 and:
- several material flow studies on
plastics by Swedish EPA and AP-
ME





studies performed in commissi-
on of Norsk Hydro on the be-
haviour of PVC in landfills
emission estimates of waste ma-
nagement processes on the basis
of in-house data and data from
Swedish institutes, e.g. included
in ARF-report 'Waste managment
and LCA'
estimation of flows using Swedish
data from e.g. Statistics Sweden
and Swedish EPA






Several LCA-studies and literature
at TNO and CML
3.4 Data management and selection of cross sections
All data have been entered in an extended database built in Excel. It was based on the
structure of CML's special software tool for SFA (SFINX). With the help of this database
it was possible to cross-check data from different sources for the different chain parts: the
mass balance principle demands that the outflow of PVC from one chain part equals the
inflow to the next chain part. The software tool is also capable of grouping the emissions
from the different nodes. The following cross-sections have been adopted:
by a selection of emitted substances;
by individual node or chain section.
3.5 Translation into theme scores
Emissions have been translated into theme scores making use of the characterization step
from the CML guide for LCA (Heijungs, 1992), with the recently improved toxicity
assessment (Guinée, 1996). This characterization step basically gives an indication of the
potential effects of the emission of a substance on a number of generally accepted problem







photochemical smog formation (POCP)
nullification (NP)
- landfill volume (VOL).
In brief, the idea behind the methodology is to calculate potential contributions of an
emitted substance to environmental problem types, independently of the location and time
that the emission takes place. It is clear that for policy purposes this approach is more
meaningful for global problems (like global warming) than for regional problems (like
nullification). For the global warming problem, it doesn't matter whether a CO2-molecule
is emitted in Sweden or China. Since there is also scientific consensus on the relative
contribution of methane and CO2, even comparisons of methane emissions in China with
CO2-emissions in Sweden are meaningful. On the other hand, emissions of nutrifying
substances can be an environmental blessing in the desert and a disaster for the Baltic Sea.
Nevertheless, environmental policy (like this study) often faces the problem of prioritizing
the harm caused by interventions that take place at different times and in different
locations, and that have different effects. For example, authorities like the OECD and the
Dutch Government found that their emission monitoring programmes were relatively
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Box 3.5.1: Toxicity in LCA
Toxicity is probably the most complicated theme in LCA, and thus maybe the best theme
to explain the problems in the LCA-characterization step. Recently Guinée et al. (1996)
published the most sophisticated toxicity assessment for LCA developed so far, which was
also used in this study. He based himself on the general accepted (Mackay-III type) model
in Europe for screening toxic substances: the Uniform System for Evaluation of Substances
(USES). In brief, for an emission of a substance to water, soil or air using partition co-
efficients and degradation rates the steady-state distribution over the various compartments
is calculated. This results in concentrations in a standard 'unit world' environment. For
human toxicity, a total exposure for man is calculated, given this distribution over the media
making standard assumptions on 'average realistic' exposure (and thus 'average realistic
presence of receptors') via différend intake routes, like food consumption, inhalation and
dermal contact. Comparing the intake with the ADI gives a toxicity-weighted score under
'standard' exposure conditions in a 'standard' unit world (see figure 1.2.1 and 1.2.2 in part
III). E.g. substances with low ADIs, low degradation, low immobilisation in sediments and
high bioconcentration factors (BCFs) for foodstuffs will have per kg emitted a high
contribution to the human toxicity potential. In a similar way, by comparing predicted
environmental concentrations (PEC) with no-effect concentrations (NEC) a measure of the
relative aquatic and terrestric ecotoxic effects of substance is obtained.
Actual presence of receptors, site specific factors that influence the substance's fate and the
possibility that actual exposure is below an effect threshold are ignored. Further, USES
needs a lot of data like (water)solubilites, partition co-efficients, degradation rates and
bioconcenrration factors. For most substances these data are either not available or very
uncertain. USES then applies worst case default values (e.g. if practical test data are absent,
very low degradation rates are used) or makes estimates (like e.g. the calculation of BCFs
on the basis of octanol-water partition co-efficients). It is our experience that this can
introduce uncertainties up to several orders of magnitude (see part III, chapter 2). On the
other hand, this approach at least somehow takes the potential toxic effects of a substance
into account and does not just count kilo's of an emitted substance.
ineffective. It was scarcely possible to interpret the hundreds of emission data listed for
policy purposes and priority setting procedures. They therefore developed methodologies
that translate these data into a limited number of aggregated 'theme-' indicators. At this
moment, the CML LCA-characterization step is probably the best developed and most far-
reaching methodology for performing such aggregations and comparisons.
In brief, the methodology gives a central role to equivalency factors. For most themes with
generic (location and time-independent) models the fate of and exposure to a substance
is calculated, resulting in a concentration or amount of a substance in the relevant receptor
medium (e.g. water for aquatic ecotoxicity, the human body for human toxicity, etc.).
After that, multiplication by a factor for the effect of the substance gives the equivalency
factor. An equivalency factor thus indicates the contribution of an emission of 1 kg of a
substance to a theme score. An example: 1 molecule of SO2, that has a molecular weight
of 64, can release 2 acidifying H+ ions. HC1, with a molecular weight of 36.5, can release
only 1 H+. Assuming no losses after emission (leading to an exposure factor of 1), one can
calculate that 1 gram HC1 can potentially release as much H+ as 0.88 gram SO2 and thus
is 'equivalent' to 0.88 gram S02. As explained for toxicity in box 3.5.1, and more
thoroughly in Part III, similar approaches have been developed for the other themes. The
score on a theme can be calculated as:
Theme score (j) = Lt eq. factor for theme (j) of substance (i)* mass of emission of substance (i)
3.6 Evaluation and priority setting
When all emissions in a region are known, total theme scores for a region can be
calculated. We calculated preliminary total national scores for Sweden taking into account
all Swedish emissions. We refer to Tukker & Kleijn (1996b) for the estimates on Swedish
normalisation data. Some of the Swedish totals had to be estimated on the basis of Dutch
data, using the relative GNPs as an extrapolation basis. The theme scores of (segments of)
the PVC chain could then be expressed as a fraction of (normalised on) the Swedish
national total. Note that in this procedure the burden caused by activities in Sweden is
taken as a reference, and not the burden that is deposited on the Swedish territory (which
e.g. includes substances emitted in other countries).
For themes like human and ecotoxity especially, the results have to be interpreted with
care. It has to be stressed that the LCA-characterization step gives insight into the
potential contribution to a problem, abstracting from the time, place and duration of the
emission, if thresholds are of importance and if receptors are present. However, for the
themes dealing with toxicity especially, precisely these parameters will greatly influence
the extent to which actual environmental damage will occur. Therefore, for a number
individual toxic substances we also compared the flows through and the emissions from
the PVC chain with the Swedish totals for these substances. In this way, the fraction of
e.g. the emission of lead from the PVC-chain could be compared with the total lead
emissions in Sweden.
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These normalized emissions have been compared with the economic importance of the
material PVC for Sweden. This has been be done by:
estimating the added value of the system evaluated and comparing this with the GNP.
The added value has been estimated by multiplying the value of the PVC-product by
product group with the market volume. The value of the inputs in the PVC chain that
are left out of the study have been subtracted.
estimating the percentage of material flow of PVC compared with the total national
material flow.
This comparison indicates whether a social sector has a relatively good or poor environ-
mental performance compared to other sectors. Part III explains this in more detail.
3.7 Review of the approach
In brief, this study presents a SFA for PVC within Sweden for 1994. The emission
inventory includes all emissions from the processes that take place in this chain, as far as
they are causally related to the material PVC. In these processes, energy and auxiliary
materials are used. The supply chains of these materials are not, or only roughly, included
in this phase 1 project. The precursors chlorine, EDC and VCM are included in so far as
they are necessary for producing the amount of PVC made by Norsk Hydro in Sweden,
taking the emissions of Norsk Hydro plants in Sweden as a basis. Emissions from
processes with more than one product had to be allocated to the product that fell within
the system of this SFA. This was done on the basis of physical causality or otherwise on
the basis of economic value. Emissions are translated into scores on 9 environmental
themes, making use of the LCA-characterization step from the CML guide on LCA. The
theme scores from segments of the system studied are mutually compared to indicate
priority segments. Theme scores for the PVC-chain are also compared with the Swedish
total score. By comparing the environmental theme scores with the economic importance
of the PVC-chain, a kind of environmental benchmarking is performed. Furthermore, the
emissions of selected substances like phthalates are highlighted. Practical and methodolo-
gical restrictions of this approach include:
the LCA characterization step gives potential contributions to environmental problems.
It abstracts from the time, place and duration of the emission, if thresholds are of
importance, and if receptors are present. For the toxicity themes especially, this may
lead to an over- or underestimation of the actual environmental problems,
additives other than lead, phthalates and (organo)tin have not been included in the
study.
it has been assumed that accumulated and imported PVC has the same composition
as the PVC currently used in Sweden for a certain application. Substances like
cadmium (possible former import) and chloroparaffins (certain former use) are thus
excluded, which means two important historical environmental bottlenecks in the
PVC-chain are not covered in this study,




This chapter describes the results of the study. Paragraph 4.2 first gives a rough
description of the PVC-chain in Sweden. The following paragraphs describe:
the total PVC mass balance and the breakdown of the uses of the most important
additives (paragraph 4.3);
the total amount of PVC that has been accumulated since the introduction of PVC in
Sweden, including the corresponding amounts of the most important additives
(paragraph 4.4);
the total amount of PVC waste (paragraph 4.5);
the emissions from the PVC chain (paragraph 4.6).
In the comparisons, the economic contribution to the Swedish economy of the PVC-
system studied is often used as a rough benchmark. Both in terms of material flows and
added value the contribution is roughly 0.15 %. An 'average' contribution of the PVC-
chain to a certain emission, accumulation or resource use would thus be about 0.15 % of
the Swedish total for that parameter. Since the 0.15 % has been calculated in quite a rough
manner, the figure has only an indicative value (see also part III).
In general, this report might give somewhat different data on PVC flows than the recent
PVC reports issued by Sweden's EPA and the Swedish Chemicals Inspectorate (KemI,
1996b; SNV, 1996b). This is due to minor differences in assumptions or minor differences
in the cross-sections of the PVC market used. These discrepancies are relatively large only
for the waste stage, but this is entirely due to the high degree of uncertainty in the data
for this part of the chain. In brief, it is expected that all differences are within the range
of uncertainty that can be expected for such studies given the quality of available data.
4.2 A description of the Swedish PVC-chain
The figure in the fold-out page reviews the Swedish PVC chain. Here we briefly describe
the mass flows given in more detail in part II. In view of data availability, 1995 figures
have been used for the production of chlorine, EDC and VCM. For the rest of the chain,
data are in principle for 1994. The gap between the 1995 VCM production and the 1994
VCM use in PVC production was bridged by minor bookkeeping corrections. In tables and
figures this report uses the following breakdown of the PVC chain in segments (cluster):
/. Production of chlorine, EDC/VCM and PVC
A total of 258 kton chlorine is produced at 3 sites in Sweden. Of this chlorine, about
189 kton is used in the EDC and VCM production of Hydro Plast in Stenungsund.
About 114 kton of this chlorine is produced on-site.
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24 kton VCM (calculated as chlorine) is imported. With the on-site EDC production
at Stenungsund, this leads to 121 kton exported EDC, 85 kton VCM used for
producing PVC and 7 kton losses, mainly as salt (all values calculated as chlorine).
The VCM (84 kton as chlorine, 148 kton as substance) is used to produce 46 kton
paste PVC (p-PVC) and 102 kton suspension PVC (s-PVC). After imports and
exports, the domestic use is 23 kton p-PVC and 79 kton s-PVC (all raw PVC).
2. The manufacturing of PVC-intermediates
This total of 102 kton of PVC is used in manufacturing processes to produce a number
of intermediates or end products consisting mainly of PVC. Pure PVC is not suitable for
this purpose. It is a hard, brittle material, and the properties have to be tailored for the
intended application by adding materials at this chain stage such as:
stabilizers like lead salts, (organo)tin, Ba/Zn salts and Ca/Zn salts that among other
things stabilize the PVC at higher temperatures;
plasticisers, mainly phthalates, that can be added in high doses to the PVC in order
to make flexible PVC;
other additives, like pigments, fillers and lubricants.





flexible and rigid films and foils;
- PVC paint/plastisol;
soft tubes and hoses;
coated fabrics
3. The manufacturing of final products containing PVC
A number of these PVC products are directly applied for end-use. Examples are pipes,
flooring and cables. However, in most cases the PVC is applied in other products like
cars, electrical equipment and office equipment.
4. The use of PVC-products
Finally, a number of real end-use applications can be discerned. Some of them are long-
life applications, leading to accumulation of PVC in society. Others are short-life






pipes for electrical wire;
building plate coated with PVC foil;
roof covering;




cars (using artificial leather, foils, undercoating, cables and tarpaulins);
electrical equipment (using cables and profiles);
office equipment;








coated fabrics (camouflage fabrics plus other artificial leather).
5. Waste management
A part of the PVC that is in use gets to the end of its useful life and is disposed of as
waste. In Sweden, half of the domestic waste and a minor part of the industrial waste is
incinerated. The rest is landfilled. Recycling was unimportant in the year investigated and
has been ignored, but will become more important in the future.
6. Supply chains of ancillary materials, electricity and ethene
As stated in the previous chapter, we did not intend to follow the supply chains of energy,
intermediates and auxilary materials backwards from the PVC chain. Table 4.2.1 indicates
the amounts of these resources that were used in the PVC chain, but whose production
was in principle left outside the system boundaries.
4.3 Flows of PVC, phthalates, lead and organotin
Figure 4.3.1 gives the total PVC balance for Sweden in 1994. All data are given in tons
of pure PVC, excluding additives and plasticisers. The production in Sweden is about
147.2 ktons. The imports (as raw PVC, as intermediate, and as end-use product like cars)
are about 103.2 ktons. Exports are much higher, about 163.7 ktons. With a stock
difference of -1.7 kton for PVC-resin, this results in a level of 88.4 ktons PVC in final
products in Sweden. The production of PVC intermediates like profiles and foils in
Sweden is higher (about 101.5 kton), but an export surplus of PVC-intermediate products
and end-use products containing PVC results in the lower domestic end-use. Of the total
Swedish waste flow of 35 million tons, about 46.7 kton consists of pure PVC. With the
new use of 88.4 kton, this results in an accumulation in products of 41.7 kton; including
the stock difference there results a net accumulation of 40 kton.
The amount of waste is rather high in relation to the new use (over 50 %). In most
European countries, this is less than 30 % (Bhairo, 1994). It is very possible that we over-
estimated the amount of waste. Due to the lack of data, in several sectors we had to
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* Remark: Allocation on the basis of economic value of the products of a multiple-output process (see part II)
Figure 4.3.1: The PVC balance for Sweden, 1994 (in kton PVC)
Import: 103.2
- PVC resin 62.7
- Intermediates 33.5










- Final products 9.8
' Waste: 46.7
estimate the amount of waste and in general used a 'steady-state' assumption for this
purpose: there is no accumulation anymore, and the new use is equal to the flow to waste.
It is obvious that if in reality the steady-state has not yet been reached, accumulation takes
place and the waste flow is lower. Another possible explanation is the fact that the use of
raw PVC for the production of intermediates was higher in the past than in 1994
(Chalmers, 1994). Since PVC is partially applied in long-life applications, at this moment
a relatively high amount of waste compared to the new use can be expected.
Figures 4.3.2 to 4.3.9 give a breakdown of the use of PVC, phthalates, lead and organotin
in the manufacture of PVC products, and the end-use applications of PVC. With regard
to the manufacture of PVC products, pipes, flooring and cables are the most important
PVC consumers. For phthalates, flooring and cables are the most important; note that quite
unimportant PVC applications like coated fabrics and plastisol are important phthalate
consumers. In Western Europe, over 90 % of all phthalates is used for PVC (mainly the
phthalates DEHP and DIDP). About 7 % is used in other polymers, and only 3 % might
be applied in other applications, of which a part might be dissipative uses like adhesives
and inks (Cadogan, 1996; Kapteijns, 1996). For the latter applications, this involves all
different types of phthalates. The total calculated phthalate consumption in Swedish PVC
manufacturing is 23 kton, which is somewhat higher than earlier estimates by KemI
(1995b). Since we worked with average recipes, such differences are explicable and no
real cause for concern. At the level of the use of individual phthalates, however, the
uncertainties are high. For a certain application the phthalate content might not vary too
much, but the phthalate compound can vary from manufacturer to manufacturer. Only a
more thorough investigation can give reliable breakdowns of the use of individual
phthalates by application.
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Figure 4.3.2: PVC used in manufacturing of PVC-intermediates, 1994. Total: 101.5 kton Figure 4.3.3: End-use of PVC in final products, 1994 (ton). Total: 89 kton





Figure 4.3.5: Phlhalates in PVC end-use, 1994 (ton). Total: 19.5 kton
Figure 4.3.6: Lead used in PVC-intermediates, 1994. Total: 663 ton (8 % of diffuse, 2 % of total lead use) Figure 4.3.7: Lead in PVC-end-use, 1994 (ton). Total: 625 ton (7 % of diffuse, 2 % of total lead use
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Figure 4.3.8: Organolin used in PVC-interm., 1994. Total: 235 ton (24 % of diffuse, 18 % of total tin use) Figure 4.3.9: Organotin in PVC-end-use, 1994 (ton). Total: 171 ton (17 % of diffuse, 13 % of total tin use)
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Lead is mainly used in cables and pipes. The total calculated is 663 ton and similar to
previous estimates by KemI (1994b). This equals 9 % of the diffuse Swedish lead use
(7,900 ton) and 2 % of the total Swedish lead use (34,4OO ton; see part III)1. The main
uncertainty is the market share of lead-stabilised cable. The 235 tons organotin are mainly
used in rigid film and foil. The total Swedish use of organotin is estimated at 242 tons
(see part III). PVC is thus responsible for 97 % of the organotin consumption. Further,
158 ton sulfide containing 124 ton tin is used in flooring. Organotin and tin in PVC have
a share of 37 % of the diffuse Swedish tin use (962 ton) and 28 % of the total Swedish
tin use (1,300 ton). In brief, the (diffuse) use of lead, tin and organotin for stabilising
PVC form a not negligible part of the application of these substances is Sweden.
Comparing these figures with the charts that give the breakdown for end-use applications,
the influence of the import and export in products becomes clear. For PVC itself, pipes,
cables and flooring still dominate. For phthalates, automotive applications become more
important, partly due to the imports of phthalates in cars with PVC-undercoating from
abroad. For lead, pipes and (products made with) cables dominate. Organotin is, as
expected, mainly concentrated in end-uses that are made with rigid film and foil:
packaging, film and foil, and building plate. The figures give quantities of both organotin
and lead in Swedish end-use applications as the percentages of the total diffuse use of lead
and organotin in Sweden. These figures also show that the use of lead and organotin in
end-use applications of PVC are relatively important compared to other applications.
4.4 Economic stocks of PVC, phthalates, lead and organotin
Figure 4.4.1 to 4.4.4 give the accumulated stocks of PVC, phthalates, lead and organotin
in Swedish society.
For PVC, the majority of PVC is accumulated in pipes, flooring and cables. The figures
seem fairly reliable, since they are calculated on the basis of market data on the use and
estimates of the amount of waste for the last 30 years (Chalmers, 1994). We think the
maximum uncertainty will be 30 %. From the number of cars and trucks in Sweden and
an average PVC-use per car we calculated a PVC stock of about 59 kton. With a relatively
small correction for the imports of tarpaulins for trucks, a total stock in the automotive
sector of 65 kton has been calculated. The other accumulated amounts have been estimated
on the basis of the uses in 1994, an estimated life-time, and the assumption that a steady-
state has already been reached. For these segments, the uncertainty can easily be a factor
of 2: their consumption in the past might have been different, the life-time might have
been misjudged, etc.
One could argue the diffuse applications should be used as a basis for comparison, since here
diffuse losses and recycling often are a problem. On the other hand, lead-containing PVC can
be recycled as well, and small losses of products that contains high amounts of a metal can
still give high metal losses (e.g. not recovered accumulators)
22
Phthalates are mainly accumulated in flooring, cables and the automotive sector. For the
automotive sector, this involves mainly artificial leather, car undercoating and tarpaulins.
The latter two are subject to atmospheric influences, which is important for emission of
phthalates (see paragraph 4.6). Plastisol coated building plate, artificial leather and roof
coverings are other main stocks. For the uncertainty, we refer to the analysis given for
PVC above. There is additional uncertainty for camouflage fabrics since imports and
exports are unknown. We assumed that the domestic production is equal to the domestic
use, which might have given an overestimation.
Lead is almost totally accumulated in cables and pipes. We worked with 1994 recipes and
market shares. Since in the past the market share and concentration of lead might have
been higher, this might have led to underestimations. However, other data indicate that this
underestimation would be only about 30 %. Where we calculated a lead stock in pipes of
7,000 tons, the Nordic Pipe Group (NPG) calculated in a more thorough analysis, taking
into account the recipes formerly used, a stock of 10,000 tons (NPG, 1995). Our total lead
stock in PVC is about 15 ktons. This is about 16 % of the total amount of 95 kton lead
that is stocked in diffuse applications in Swedish society, and 4 % of the 365 kton total
lead stock (see part III). That these percentages are higher than for the new use of lead
in PVC can be explained as follows. First, the total lead stock might be underestimated.
Secondly, the lead in PVC might be applied in products that have a relatively long life and
thus build up a relatively higher stock. Thirdly, the PVC industry might have lowered their
lead consumption faster than the other sectors that use lead.
The stock of 1,600 tons organotin is mainly accumulated in building plate and other rigid
foil and film. The figure for other rigid foil and film may have an uncertainty factor of
2-3, since we used an estimated life-time and a steady-state assumption to calculate the
PVC stock. Since the concrete products involved are actually unknown, these assumptions
are highly uncertain. Note that the amount of organotin accumulated is only 10 % of the
amount of lead accumulated, where its relative new use is 30 %. This is due to the fact
that lead is mainly used in long life applications, and organotin mainly in medium life or
short life applications like packaging. Since PVC is the major consumer of organotin in
Sweden with 97 %, we simply estimated that PVC is also responsible for 97 % of the
organotin stock. Even ignoring the tinsulfide stock in flooring the organotin stock is about
22 % of the total diffuse tin stock and 16 % of the total tin stock in Sweden of 7 and 10
kton respectively (see part III).
In brief, PVC is also responsible for a relatively high share of the diffuse stock of
organotin and lead in Sweden.
4.5 Waste of PVC, phthalates, lead and organotin
Figures 4.5.1 to 4.5.4 give the amount of PVC, phthalates, organotin and lead in waste by
segment.
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Figure 4.4.1 : PVC stock in Sweden, 1994 (ton). Total: 2,000 kton Figure 4.4.2: Lead stock in PVC, 1994 (ton). Total: 15 kton (16 % of diffuse; 4 % of total lead stock)
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Figure 4.4.3: Phthalate stock in PVC, 1994 (ton). Total: 388 kton (>90 % of total phthalate stock) Figure 4.4.4: Organotin stock in PVC, 1994 (ton). Total 1.6 kton (22 % of diffuse, 16 % of total tin stock)
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For PVC, flooring, cables and other rigid films and foils are the major sources of PVC
waste. The amount of PVC waste from cables is the most reliable, since it is based on
specific investigations by third parties. All other figures might have an uncertainty of a
factor of two, since in general the amount of waste had to be calculated on the basis of
theoretical assumptions. Specific data on the amount of PVC waste by waste type were
in general lacking. However, the scarce data available were found not to be contradictory
with our theoretical data calculated here.
Flooring, cables, cars and artificial leather are responsible for the most important flows
of phthalates in waste. The majority of the 249 tons lead enter the waste stage with cables.
PVC waste seems responsible for about 20 % of the estimated total of 1,200 tons diffuse
lead in Swedish waste. However, since the Swedish total was estimated only on the basis
of the amount of lead in household waste, the Swedish total could be up to a factor of 10
higher and the percentage of lead in PVC waste a factor of 10 lower. For organotin, we
calculated that packaging and other film and foil are the most important segments. Since
PVC, with 97 %, is the major consumer of organotin in Sweden, we simply estimated that
PVC is also responsible for 97 % of the organotin in waste in Sweden.
In brief, PVC contributes greatly to the amount of lead and almost 100 % of the amount
of phthalates and organotin in Swedish waste. This is mainly due to the waste of flooring,
cables, automotive waste, other rigid film and foil and artificial leather. Currently the vast
majority of these flows is landfilled. For pipes recycling schemes are operational and for
flooring and cables they are under development. On aforseeable time-frame, the risks of
landfill of such waste seems low. A three year research project was started in November
1995 which will study the behaviour of PVC in landfills and under soil buried conditions.
Apart from the polymer itself, the research project focuses on stabilisers and plasticisers
and looks at their long term stability and eventual leaching from the PVC materials to the
environment. This project will probably resolve a number of the mentioned questionmarks.
The study is a joint industry project financed by the European Council of Vinyl
Manufactureres (ECVM), Norsk Hydro,the European Council for Plasticisers and
Intermediates (ECPI) and the two stabiliser producers organisations ELS A (European Lead
Stabilisers Association) and the ORTEP (Organotin Environmental Programme)
Assosiation. The research institutes involved are Technical University of Hamburg-Har-
burg (Germany), Chalmers University of Technology (Sweden) and Linköping University
(Sweden). Nevertheless, one can expect that on a long-term time frame there will allways
be uncertainties in predictions of the behaviour of phthalates, lead and organotin, and thus
final judgements will always be difficult. It has to be taken into account that waste
containing lead and phthalates is mainly from long-life applications: it concerns PVC that
has been produced years ago. For such applications, possible limitations on the use of such
additives will only have an effect in a decade or longer. Any source oriented policy will
only have a direct impact on organotin in packaging. However, it is important to include
the imports of PVC products in the policy development, since the majority of this
packaging is imported from outside Sweden.
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4.6 Emissions by chain section and translation into theme scores
4.6.1 Introduction
At the start of the project, the intention was to translate emissions from the PVC chain
into theme scores and to compare them with Swedish national total scores for all
emissions. By comparing this value with the economic benchmark of 0.15 %, it could be
indicated which themes are really important for the PVC chain.
During this project we encountered severe problems with the equivalency factors for
human- and ecotoxicity given in recent literature. Substances with similar properties and
toxicity standards like the phthalates DEHP, DIDP and BBP turned out to have very
different scores per kg emission, of up to several orders of magnitude. A first review
showed that the new, USES-based equivalency factors had been calculated with outdated
values for substance properties, or with wholly unrealistic default values. This led to
unacceptable uncertainties in the toxicity scores of segments in the PVC-chain. The
Swedish total national scores for these themes also have high uncertainties, up to a factor
of 10 or more.
By means of a thorough recalculation process, the problems with the equivalency factors
have been solved to a certain extent for the most important toxic emissions in this study.
These involve the phthalates (DEHP, DIDP, BBP), dioxins, hexachlorobenzene, EDC and
VCM. However, this experience shows that impact assessment of toxic releases in LCA
is probably, despite all efforts, still in its infancy. Even with the recalculated equivalency
factors there is no real insight into standard deviations and uncertainties. For all other
substances a very high uncertainty in the toxicity scores is still probable. Such uncertain-
ties still existed to a lesser extent for the other themes. They were mainly related to the
Swedish totals. We therefore considered departing from the intial approach and not
performing a translation into theme scores. The conclusions would then be directly drawn
on the basis of the emission inventory.
This approach would clearly mean a loss of insight. With a careful presentation of theme
scores, a discussion of the uncertainties and the conclusions based on both theme scores
and inventory data it would still be possible to give the most balanced view. With
hesitation it was therefore decided to take this last approach. It is clear that this meant the
report was vulnerable to criticism despite a number of measures taken with regard to the
presentation. It is therefore underlined that figures and tables have to be interpreted within
the framework given in this report. Single graphs may not be presented and interpreted
outside this context.
The following paragraphs review this emission evaluation. Total theme scores and a
discussion for all themes, except the human and ecotoxicity, are given in paragraph 4.6.2.
A thorough discussion of substances contributing to toxic effects is presented in paragraph
4.6.3.
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Uncertainty in Swedish total 30 %. High uncertainties in the
model that calculates the relatively important amounts of
CH4- and CO2-formed from landfilled flexible PVC
The Swedish total was calculated with CFC-use data for
1992. Due to the rapid decline of CFC-use, for 1994 this
might be a high over-estimation
Very high uncertainties in the Swedish total since for impor-
tant substances like Cr (VI) no Swedish emission data are
available. High uncertainties in the score of the PVC-chain
since for phthalates different BCFs are available, leading to
large differences in scores
A lower uncertainty than for human toxicity. The BCF for
phthalates is less important and for more relevant substances
Swedish total emission figures are available.
See aquatic ecotoxicity
Uncertainty in the Swedish total is a factor 5. The contribu-
tion of CH4 from landfill is very uncertaint (see under global
warming)
Low uncertainty in the Swedish total and the emissions of
the PVC-chain
Uncertainty in the Swedish total is a factor 2-3. Emission
data for the VCM and PVC production are reliable
Uncertainty in the Swedish total is about 30 %. The amount
landfilled PVC had to be estimated by rough calculations
and has an uncertainty of a factor 2
4.6.2 Contributions to the Swedish total score
Table 4.6.1 gives the contribution to the Swedish total per theme for the PVC chain,
including an estimate of the uncertainty in this contribution. As stated earlier, this study
excludes upstream processes for the production of ancillary materials for the PVC-chain
(e.g. the production of electricity, ethene, phthalates and other additives).
Table 4.6.1 gives a provisional insight into the possible importance of the ethene and
electricity use in the PVC-chain. According to part II, about 54,000 tons ethene are used
in VCM production. Furthermore, the PVC-chain uses about 541 TJ electricity. Using
existing LCIs theme scores have been calculated for these amounts and these are also
presented in the table2. A direct comparison is not possible, since most of the processes
covered in the LCIs do not take place in Sweden. However, the values give an idea of
their potential importance. Due to the fact that in Sweden all electricity is produced with
hydropower and nuclear power, the emissions of the ethene production dominate strongly.
Human- and ecotoxicity
The uncertainties in the scores on human- and ecotoxicity are high. For human toxicity
the great uncertainty is caused by the lack of specific Swedish emission data for Cr(IV).
We had to use a value extrapolated from a Dutch database. Due to the very high
equivalency factor for this carcinogenic substance, it turned out that Cr(IV) was
responsible for 99 % of the Swedish total. Both uncertainties in the Swedish emission of
Cr(IV) and uncertainties in the toxicity model cause high uncertainties in the Swedish
total. A second problem in uncertainty is the choice of the bioconcentration factor applied
for phthalates, already giving a difference of a factor of 200 in the score on human
toxicity. For aquatic and terrestrial ecotoxicity no such obvious problems exist, but due
to uncertainties in the Swedish total and unknown uncertainties in equivalency factors an
uncertainty of at least 1 order of magnitude is likely. We refer to paragraph 4.6.3 for a
more thorough discussion on the PVC-chain and the related toxicity problems.
Global warming
The PVC-chain contributes about 0.13 % to the Swedish total GWP, mainly due to the
cracking of EDC, the emissions from the incineration of chlorinated production waste and
possibly the formation of CH4 from landfilled plasticised PVC. This is about average for
the economic processes in Sweden. The Swedish total is quite reliable, as are the
emissions from the EDC-cracking. The main uncertainty relates to the rather rough
assumptions that had to be made in calculating the emission of CH4 from landfilled
phthalates. Any organic material that is landfilled forms CH4, but the models that estimate
the degradation rates and the amount that degrades to CO2 or CH4 are still very rough.
Since phthalates in fact degrade under aerobic circumstances but not under anaerobic
2 In the next paragraphs, the scores of the ethene and electricity production are allocated to the
individual processes where the ethene and electricity is used. It concerns respectively the
VCM-production and all other processes, according to the magnitude of their electricity use.
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conditions, methane formation might well be overestimated - though in that case the non-
degraded phthalate might be a future toxicity problem. Though very uncertain, these rough
calculations show that landfill should not be neglected out of hand. This confirms the
earlier statements of Sundquist (1995) and Finnveden (1995). Including ethene might be
an important factor: the CO2- emissions from refining processes score significantly.
Electricity use in other processes is not important, since in Sweden electricity is mainly
generated in processes that don't use fossil fuel. If this were not the case, it would
certaintly be an important factor.
Ozone depletion
An uncertainty of a factor of 5 is caused by uncertainties in the Swedish total. The
Swedish total is based on CFC use in 1992, but due to the rapid decline in CFC use this
value might be a serious overestimation for 1994. The emission figures from the PVC-
chain are well known. Even with the resulting uncertainty, the PVC-chain contributes
significantly less than average to the Swedish total.
Smog formation
The contribution from smog forming substances is mainly caused by ethene from the
EDC/VCM production, VOC from the p-PVC production and VOC from the processing
of flexible PVC (mainly for flooring and cables). In the latter processes, we assumed
adequate emission abatement measures and thus low emission factors. If such measures
were not taken, the emissions might be a factor of 10 to 30 higher and thus be totally
dominant. Methane formed by landfilled flexible PVC might also make a significant
contribution, but this emission figure is rather uncertain (see under Global Warming). Fi-
gure 4.6.1 gives the breakdown of the POCP-score by segment. The uncertainty of a factor
of 5 is mainly due to the uncertainty in the Swedish total. It is probably too low an
estimate (see part III and Tukker & Kleijn, 1996b). This would mean that the contribution
of the PVC-chain might be overestimated. For comparative purposes, the figure also gives
the contribution of the emissions of the substance group VOC3 to the Swedish total Non-
Methane VOC (NM-VOC) emission of 506,000 tons. The relative VOC emission is about
a factor of 4 lower than the relative theme scores. In brief, the PVC-chain contributes at
worst around average to smog formation, but possibly lower. Including ethene might be
an important factor: the VOC-emissions from refining and oil production processes score
significantly.
A cidification
An uncertainty of 30 % is caused by uncertainties in the Swedish total. The emission
figures from the PVC-chain are well known. Even with the resulting uncertainty, the PVC
chain contributes clearly less than average to the Swedish total. Including ethene might
EDC and VCM have been taken into account as a VOC-emission. CH4 is by definition no part
of the group NM-VOC, which explains why landfill is not visible anymore. Due to the high
volume of the emission of methane despite its low equivalency factor the relatively high
POCP-score for landfill can be explained.
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be important. The NOX- and SO2- emissions from refinery processes score significantly
compared to the PVC-chain, but remain unimportant compared to the Swedish total.
Electricity use in other processes is not important, since in Sweden electricity is mainly
generated in processes that don't use fossil fuel. If this weren't the case, it would certaintly
be an important factor.
Nullification
An uncertainty of a factor of 5 is caused by an uncertainty of a factor of 2-3 in the
Swedish total. Most emission figures from the PVC-chain are well known. Only the COD-
emissions from landfill had to be calculated using very rough models. Even with the
resulting uncertainty, the PVC-chain contributes significantly less than average to the
Swedish total. Including ethene might be important. The NOX- emissions from refinery
processes score significanty compared to the PVC-chain, but remain unimportant compared
to the Swedish total. Electricity use in other processes is not important, since in Sweden
electricity is mainly generated in processes that don't use fossil fuel. If this weren't the
case, it would certaintly be an important factor.
Landfill volume
The landfill volume is about 0.18 % of the Swedish total (35 million tonnes). We refer
to paragraph 4.4 for the main segments: the use of flooring and cables. The uncertainty
in this contribution is caused by minor differences in estimates of the total Swedish
landfill volume, and the fact that the amount of landfilled PVC had to be estimated
making assumptions about life-times, the relative amounts incinerated and landfilled, etc.
Review
To sum up, only for the following themes (other than toxicity) is the PVC-chain score
more than marginal and even then makes only an average contribution to the Swedish
total:
- landfill;
global warming (CO2-emissions from EDC cracking, incineration and (quite uncertain)
CH4-emissions from landfill);
smog formation (EDC/VCM-emissions from the EDC/CVM-production, VOC and
VCM-emissions from the production of p-PVC, (quite uncertain) CH4-emissions from
landfill and VOC emission from the processing of flexible PVC).
The priority of smog formation might be higher if the (assumed) VOC-emission abatement
measures for the processing of flexible PVC are not yet operational in Sweden. All other
themes make minor or negligible contributions to the Swedish total. Including ethene
might be important since the calculated scores are significant compared to the score of the
PVC-chain. Electricity use in other processes is not important, since in Sweden electricity
is generated in processes that don't use fossil fuel. Otherwise it would be an important
factor.
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GPOCP PVC-chain (total 0.16 %)
HPOCP ethene/eleclnclty (total 0.13 %)














G% of current Swedish emissions
• % of Swedish policy goals
• % Hydro targets of Swedish policy goals
4.6.3 Emissions contributing to toxicity by segment
Introduction
As explained in box 3.5.1 and paragraph 4.6.1 important uncertainties exist with regard
to the toxicity evaluation in LCA Impact Assessment. This paragraph therefore evaluates
toxic emissions in two ways. The first approach concentrates on the emissions of
individual substances. Figure 4.6.2 gives the emissions of a number of indicator substances
from the PVC-chain as a percentage of the total Swedish emissions of that substance. The
indicators used were lead, dioxins and mercury, since these substances are commonly
mentioned in the public debate on PVC. Also organotin stabilisers belong to this group.
However, no emission factors for diffuse losses from the use stage or landfill are available.
The onliest possible other source is incineration. But in the incinerator the organotin is
converted in tin salts. So no emissions have been inventoried. Figure 4.6.3 gives the
emission by PVC-chain section of another substance group that is often highlighted in the
PVC-debate: phthalates. Figure 4.6.5, 4.6.7 and 4.6.9 specify the emissions of phthalates
to air, water and soil. The second approach uses the LCA-characterization step to calculate
theme scores for human toxicity (figure 4.6.4 and 4.6.6), aquatic ecotoxicity (figure 4.6.8)
and terrestrial ecotoxicity (figure 4.6.10).
As stated before, the equivalency factors for the toxicity themes are calculated with the
model USES. The model calculates the distribution over and the degradation in the various
compartments for an emission of a substance to water, soil or air. This results in
concentrations in a standard 'unit world' environment. For human toxicity, a total exposure
for man can be calculated making standard assumptions on 'average realistic' exposure via
different intake routes, like food consumption, inhalation and skin contact. Comparing this
intake with the ADI gives a toxicity-weighted score. The relative aquatic and terrestrial
ecotoxic effects are assessed is a similar way.
During this project it became clear that the equivalency factors given in literature for most
of the substances important to this study had to be rejected or at least to be questioned.
Outdated or unrealistic default values had been used for USES, or there appeared to be
scientific disagreement on the most appropriate way to assess key substance parameters
like solubilities and bioconcentration factors (BCFs). CML and TNO performed a thorough
literature search to obtain more reliable input data for USES and to get insight in the
related uncertainty ranges. Improved equivalency factors were calculated. For phthalates,
they were discussed with the European Council of the Plasticiser Industries (ECPI). On
the basis of a recent review, ECPI proposed using lower solubilities for DIDP and DEHP
than given in the (older) literature inventoried by CML and TNO. ECPI also proposed
overwriting the BCFs in USES (calculated on the basis of the octanol-water coefficient)
with lower BCFs based on an extrapolation of values found in practical tests for rodents
to cattle. This approach is given in an as yet unpublished, but accepted for publication,
article by Staples et al. (1996). A second 'ECPI'-set of equivalency factors was calculated.
It turned out that only the difference in BCF had an influence, for the equivalency factors
for human toxicity. Therefore this chapter shows a 'CML/TNO USES'-score and an 'ECPF-
score for human toxicity. If after publication of Staples' article the scientific community
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in general accepts his approach as superior to calculating BCFs from Kows, the ECPI-set
may be seen as the preferred one. Since in this study no research was done into the pro's
and con's of the two approaches, at this stage no preference is stated. We refer to part III,
chapter 2 for the details of this re-evaluation.
Individual substances: dioxins, mercury and lead (figure 4.6.2)
The dioxin emissions are almost totally caused by the chlorine and VCM production.
Incineration of PVC waste is relatively unimportant. For dioxin emissions to air (0.3
gram), the contribution of the PVC-chain is about 1 % to the Swedish total. A much lower
dioxin emission to water of 0.1 gram is responsible for over 10 % of the Swedish total
dioxin emission to water. It should be stressed to see this in absolute sense low emission
in perspective. Only due to the low Swedish total for dioxin emissions to water this
relative high percentage is obtained. An uncertainty factor of 5 seems possible since the
Swedish total for water had to be extrapolated. Compared to the combined dioxin emission
to car and water in Sweden, the PVC-chain contributes 1.4 %. Since in this figure 'real'
PVC-totals with national totals are compared, in our judgement this forms the best basis
to place the dioxin emissions from the PVC chain in perspective. Hydro Plast's managing
director publicly stated to virtually eliminate all emissions of persistent, bioaccumulative
and toxic substances (pbt's). The operational goal is a reduction of dioxin emissions to air
and water of 90 % in 2000 and 2005 (Norsk Hydro, 1996e and 1996f). On that moment,
the PVC-chain will have a contribution of 0.14 % to the Swedish total emission to air and
water. Mercury emissions from the chlorine production to air and water are 3.7 kg and
0.06 kg. The contirubitions to the Swedish policy goals are 0.3 % (air and water
combined), 0.3 % (air) and 0.03 % (water)4. Hydro Plast will phase out the amalgam
process in 2010, resulting in a contribution of 0 % to the Swedish total mercury emission
by that time. Lead emissions have been only inventoried for incinerated and landfilled
PVC. The contributions of the PVC-chain to Swedish policy goals for emissions to air and
water in 2000 and 1995 are about 0.1 % (22 kg to air, 14 kg to water). These lead
emission could be underestimated. For the use of stabilisers in production processes no
reliable emission factors are available. Such emissions are therefore not included in this
study. Some sources mention a worst-case loss factor to air of 0.1 % during production
and use of such stabilisers. These sources state that losses may be considerably lower in
cases of good management and if non-granular additives are used (TNO, 1992; Eijssen,
1993). In theory, emissions of lead and tin from the amount of PVC accumulated in
society (the use stage) are also possible. Lead loss seems to be mainly due to a thin layer
on virgin products during the first period of use. An extrapolated, worst case estimate for
pipes is about 83 kg a year (Björklund, 1995). Table 4.6.2 reviews these potential losses.
It is clear that the neglected losses could only be significant if the emission factors for the
production and use of lead stabiliser are higher than 0.001 %. In brief, the value given in
figure 4.6.2 for lead, based on 'hard' emission data, might be about factor of 4 too low.
It has to be noted that this paragraph gives allocated emission data. The total emission of Hg
from the Stenungsund plant is higher, but together with chlorine also sodium hydroxide is
produced. This figure is the Hg-emission that is allocated to chlorine; the remainder is allocated
to sodium hydroxide. The economic value of the two products was used as an allocation basis.
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Table 4.6.2: Comparison of inventoried emissions with other possible losses of









Use of other lead-
containing PVC
Inventoried emission









































* Worst case assumptions; in reality probably one or more decades lower.
Phthcdates
Phthalates are mainly emitted by the automotive sector (50 ton), plastisol building plate
(90 ton) and roof covering (38 ton). Emissions are a function of the stock and an emission
factor. These factors seems rather reliable, but due to uncertainties in the stock a margin
of error of a factor of 2-3 can not be excluded. The accumulated amount of roof covering
and plastisol building plate was estimated on the basis of the life-time and a steady-state
situation, which could mean that we over-estimated the accumulated amount of PVC and
phthalates. But even with these uncertainties, the automotive sector, building plate and
roof covering cause major emissions. For cables, there is uncertainty about the emission
factor (see part II). Though the evidence is not very convincing, the emission could be one
or two decades higher than given here. Figures 4.6.5, 4.6.7 and 4.6.9 give a breakdown
of the emissions to air, water and soil. Emissions to water and soil are mainly caused by
phthalate losses from PVC exposed to weathering, a process that leads to relatively high
losses. Building plate, cars and roof covering thus dominate. A breakdown of the amount
to water and soil is hard to give; we simply assumed a 50-50% division (see also part II).
Emissions to air are caused by diffusion. Emissions are rather low, but nearly all flexible
PVC production processes and uses contribute significantly to emissions to air.
In general, it is assumed that PVC is the dominant source of phthalate emissions.
However, it must be noted this is only true if the Swedish phthalate use in dissipative
applications like ink are indeed well below 1 % of the total use (see paragraph 4.3).
Otherwise emissions from such applications might be as high as from the PVC-chain.
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Figure 4.6.3: Total emissions ofphthalates by segment in 1994 (in kg). Total: 225 ton
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Figure 4.6.4: Emissions ofphthalates to air by segment in 1994 (in kg). Total: 28 ton









Figure 4.6,7: Emissions ofphthalates to water by segment in 1994 (in kg). Total: 101.6 ton
Figure 4.6.8: Emissions ofphthalates to soil by segment in 1994 (in kg). Total: 95.4 ton
Figure 4.6.9: Contribution to the Swedish total on Aq. ecot., USES-factors, 1994 (white: PVC; black: ethene and electricity)








For human toxicity, a dramatic difference in score arises between equivalency factors
based on calculated BCFs and BCFs taken from animal tests. In the former case, the
phthalate emissions dominate over all other toxic emissions from the PVC-chain, like
dioxins and EDC (figure 4.6.6). The patterns of figure 4.6.6 bear a striking resemblance
to the emissions of phthalates to air in figure 4.6.5. Obviously emissions of phthalates to
water and soil have a minor influence on the score on human toxicity. This can be
explained by the major uptake pathways calculated by the USES model. Food (mainly
meat) has the highest contribution to the daily intake of phthalates for humans. The intake
by cattle is mainly caused by intake of vegetable food (grass and crops). The concentration
in vegetable food is dominated by the concentration in air, since the transfer factors from
soil and water to crops are relatively low compared to the transfer factor from air to crops.
If the lower BCFs from animal tests are used, as suggested by the ECPI, the scores of the
phthalate emissions diminish by a factor of 500 to 1,000 (figure 4.6.4). In that case the
VCM production (0.3 g dioxin emissions) and waste incineration (22.7 kg lead emissions
to air) dominate. The last point indicates that possible 'missed' losses of emission of
organotin and lead stabiliser can have a dramatic influence (see table 4.6.2). But even if
the total Swedish score is over-estimated by a factor of 500 the scores are well below the
benchmark of 0.15 %. Including ethene in figure 4.6.4. might be important. Vanadium and
nickel emissions from oil residue incineration score significantly compared to the PVC-
chain, but remain unimportant compared to the Swedish total. Electricity use in other
processes is not important, since in Sweden electricity is mainly generated in processes
that don't use fossil fuel. If this weren't the case, it would certainly be an important factor.
Aquatic ecotoxicity
According to figure 4.6.8, production of chlorine and the use of flooring dominate the
aquatic ecotoxicity due to an (allocated) emission of 3.7 kg mercury to air and 1.5 ton
BBP to water. The other stages of PVC manufacture and use seem to score according to
their total phthalate emission to water and/or soil, but are relatively unimportant. The low
amount of BBP is thus far more important than the much higher emissions of the other
phthalates to water. This is due to the relatively high solubility of BBP compared with
other phthalates: BBP thus has a relatively greater presence in the aquatic environment.
The BBP is emitted in the cleaning of PVC-flooring. The score could be over-estimated,
since the cleaning water will probably be released to a sewage system. This has not been
taken into account. The score of the PVC-chain on aquatic ecotoxicity seems lower than
the benchmark of 0.15 %. This statement may lose its value if there are mistakes or
uncertainties of more than a factor of 50 in the Swedish total score or the equivalency
factors for the substances emitted from the Swedish PVC-chain. Including ethene in figure
4.6.8. might be important. If all processes related to ethene production had taken place in
Sweden and been included in the study, ethene production would dominate the other
scores. This is mainly due to phenol emissions from oil extraction. Electricity use in other
processes is not important, since in Sweden electricity is mainly generated in processes
that don't use fossil fuel. If this weren't the case, it would certaintly be an important factor.
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Terrestrial ecotoxicity
The score pattern for terrestrical ecotoxicity in figure 4.6.10 closely resembles the total
emissions of phthalates to water or soil in figures 4.6.7 and 4.6.9. Differences between
individual phthalates are unimportant. Other contributions to this theme come from
chlorine production (due to mercury emissions to air) and incineration (due to Zn and
PCB-emissions to air). The score of the PVC-chain on terrestrial ecotoxicity seems lower
than the benchmark of 0.15 %. This statement may lose its value if there are mistakes or
uncertainties of more than a factor of 50 in the Swedish total score or the equivalency
factors for the substances emitted from the Swedish PVC-chain. Including ethene in figure
4.6.8. might be important. If all processes related to ethene production had taken place in
Sweden and been included in the study, ethene production would dominate the other
scores. Cadmium and vanadium emissions to air from oil extraction dominate over the
scores of the PVC-chain. Electricity use in other processes is not important, since in
Sweden electricity is mainly generated in processes that don't use fossil fuel. If this weren't
the case, it would certainly be an important factor.
Overall conclusions with regard to toxic effects
Due to the high uncertainties in equivalency factors relating to discussions on the input
values for the USES model, any conclusions on prioritizing emissions with regard to
toxicity have to be drawn with care. This concern might be less important for comparisons
between substances which form a group with rather similar substances, like phthalates.
We feel the applied methodology is not (yet) suitable to conclude whether for toxicity the
phthalate emissions are more or less important than the other emissions from the PVC-
chain. We will therefore base our conclusions with regard to toxicity mainly on the
indicator substances lead, mercury and dioxins and will use the toxicity themes mainly
for a mutual comparison of the phthalates DEHP, BBP and DIDP.
The analysis given in the preceding paragraphs seems to result in an apparent contradicti-
on between the evaluation at the level of individual substances and the level of toxicity
themes. The individual substances dioxins, lead and mercury are all at or over the
benchmark, the theme scores are lower than the benchmark of 0.15 %. The following
explanation seems reasonable. The few individual substances were selected because they
were expected to dominate the toxicity problems with regard to PVC. However cautiously
the theme scores have to be used, they seem at least to confirm this: leaving the scores
of phthalates aside, dioxins, lead and mercury indeed dominate. It is not surprising that
within the cross-section of the Swedish society that generates such emissions the PVC-
chain has a certain importance. The total toxicity problem in Sweden, however, is caused
by a much larger set of substances, to which the PVC-chain makes only minor
contributions. It is therefore logical that the contribution to the total toxicity problem in
Sweden is lower than to the Swedish emissions of the 3 indicator substances. In brief, the
contribution of 0.1 to 1.4 % of the three indicator substances means a (probably much)
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lower contribution to total toxicity theme scores5. The 0.1 to 1.4 % are based on a
comparison of the combined emission to air and water from the PVC-chain with the
combined emission to air and water for Sweden. A specification by compartment would
have given a e low contribution for mercury to water, and a relative high contribution of
dioxins to water. These values are seen as less meaningfull, since they don't give insight
in the total flow of a substance into the environment from the studied PVC-system. A
complication in the toxicity comparison is that relatively important amounts of persistent
substances are emitted to water in the VCM production (e.g. 90 kg chlorophenoles a year,
for which by the way a reduction target of 90 % for 2005 is set (Norsk Hydro, 1996e and
1996f)). Though they do not score highly with the USES-equivalency factor approach, this
is not convincing proof that they are unimportant (see e.g. the peer review in Tukker,
1995b). To sum up, the following statement seems possible. The contribution of 0.1 % to
1.4 % of the indicator substances to the Swedish total can certainly not be seen as a proof
that the PVC-chain contributes higher to the Swedish toxicity problems than the
benchmark of 0.15 %, which indicates its importance for the Swedish economy. Since the
Swedish toxicity problem is caused by a lot of other substances than the indicator
substances the contribution of the PVC-chain is probably lower than 0.1 to 1.4 %. If
Hydro Plast reaches all its own emission reduction goals, the contributions of the indicator
substances will be lowered to a range from 0 to 0.14 %. Under the condition that the
relative toxicity of phthalates, the excluded additives or the difficulty to assess toxicity of
pbt's is relatively unimportant, one might with all prudency see the toxicity theme scores
and the contributions of the indicator substances as an indication for a contibution that is
not above avarage. It seems unlikely that the excluded additives would be dominant, since
most other studies regard them as of less importance than lead, phthalates and organotin
(KemI, 1995b and 1996b; Kapteijns, 1996). The toxicity problems in the supply chain of
ethene and the production and use of additives seem relatively important compared to the
toxicity problems in the evaluated part of the PVC-chain.
It seems difficult to draw final conclusions with regard to the relative importance of the
phthalate emissions for toxicity on the basis of this study alone, //"the USES-equivalency
factors are adequate, phthalates seem more important than other emissions from the PVC-
chain for terrestrial ecotoxicity, aquatic ecotoxicity and (if high BCFs are used) also for
human toxicity. But only for human toxicity in the high BCF case do they come close to
the benchmark. For aquatic and terrestrial ecotoxicity the supply chain of ethene scores
higher than the phthalates. With regard to total emissions of phthalates, it is clear that roof
covering, automotive and plastisol building plate are the most important sources. As far
as toxicity problems are caused by phthalates, this study suggests that human toxicity is
mainly related to emissions of phthalates to air, aquatic ecotoxicity to emissions of the
relatively soluble BBP, and terrestrial ecotoxicity to the total phthalate emissions. It has
For example: Tukker & Kleijn (1996) have shown that for Sweden chromium(VI) dominates
the Swedish total for human toxicity. Pesticides and nickel contribute for over 40 % to aquatic
ecotoxicity. Copper and cadmium dominate terrestrial ecotoxicity. None of these substances
are currently used in the PVC-chain.
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to be stressed that this evaluation is made on the basis of currently accepted risk levels.
They do not yet take into account endocrinic effects. If (individual) phthalates were to
show such effects in doses below the current official risk standards, the latter might be
tightened. In that case their relative importance for the toxicity scores may become
higher6.
Specifically in Germany and the UK phthalates have been under attack as suspected endocrinic
substances in the beginning of 1996. An evaluation of an expert panel of the EU resulted that
effects at the levels reported in the current available research results for BBP (the most
suspected phthalate) take place above the risk levels that already are adopted. It can be
expected that the work of France and Sweden on phthalates within the framework of the EU





This study gives a SFA for PVC within Sweden for 1994. The emission inventory
includes the emissions from the processes that take place in this chain, as far as they are
causally related to PVC. Emissions have been translated into scores on 9 environmental
themes, making use of the LCA-characterization step from the CML-guide on LCA.
Theme scores from segments of the system studied have been mutually compared. Theme
scores from the PVC-chain have also been compared with the total Swedish contribution
to a theme. By comparing this fraction of the PVC chain with the economic importance
of the PVC-chain, a kind of environmental benchmarking was performed. Futhermore, the
emissions of selected substances like phthalates, dioxins and lead have been highlighted
and compared with the Swedish totals of these emissions. This approach has served to
indicate priority environmental bottlenecks in the Swedish PVC chain.
5.2 Limitations of the study
The main priority in this study was to complete it in a relatively short time frame. This
resulted in restrictions in the depth of the analysis and limitations with regard to the
system boundaries chosen. Apart from this, some methodological problems and data gaps
have been encountered. The most important limitations are:
a. on the basis of priorities set in earlier studies, additives other than lead, phthalates
and (organo)tin have not been included. It seems unlikely that the excluded
additives would have been dominant in the evaluation if they had been included,
since most other studies regard them as of less importance than the chosen
substances (KemI, 1995b and 1996b; Kapteijns, 1996).
b. the supply chains of auxiliary materials and energy that are used in the PVC-chain
have in principle been left out of the system studied in this SFA. Only the
precursors chlorine, EDC and VCM are included as far as they are necessary for
producing PVC and as far they are produced by Norsk Hydro in Sweden.
c. it has been assumed that accumulated and imported PVC has the same composi-
tion as the PVC currently used in Sweden for a certain application. Substances
like cadmium (possible former imports) and chloroparaffins (certain former use)
are thus excluded, which means at least two important historical environmental
bottlenecks in the PVC-chain are not covered in this study.
d. emissions from PVC in accidental fires have been neglected.
e. several other concessions with regard to the data quality have been made. This
resulted in rather unreliable figures for some emissions and the Swedish total
theme scores on the toxicity themes and smog formation.
f. the LCA characterization step gives an indication of potential contributions to
environmental problems. It abstracts from the time, place and duration of the
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emission, if thresholds are of importance, and if receptors are present. For the
toxicity themes especially this may lead to an over- or underestimation of the
actual environmental problems.
Limitations a) and b) mainly concern the system boundaries of the study. The limitations
are not decisive in themselves; they merely indicate for which system this analysis of
environmental priorities is valid. Since lead, phthalates and (organotin) are generally seen
as the most important additives, the omission of other additives might have had no major
consequences (point a). Point b) has been partially addressed by including LCI-data for
ethene and electricity. Limitations c), d), e) and f) influence the margin of uncertainty
related to the conclusions drawn. They are indicated in the next paragraph.
5.3 Priority environmental bottlenecks of the studied PVC system
Several types of environmental priorities can be indicated on the basis of this study.
Firstly, there are points for which no actual burden on the environment is currently present
or can currently be quantified, but for which uncertainties in the evaluation or the
environmental performance can be indicated. One can try to reduce such uncertainties.
Secondly, one can try to reduce actual burdens on the environment. We will discuss these
two kinds of priorities below.
Uncertainty reduction within the system studied involves the following aspects:
1. The PVC-chain makes high contributions to the diffuse new use, societal stock
and concentration in waste of (organo)tin and lead. This raises a danger of diffuse
losses to the environment, specifically from the waste stage7. As stated before,
risks in a forseeable time-frame are low. Research is in progress that might solve
a number of uncertainties about the long-term behaviour of phthalates, lead and
organotin in landfills. However, a 100 % reduction of such long-term uncertainties
seems impossible. In case the substances lead and organotin were phased out, they
would still appear as waste with long-life PVC that is accumulated in society. At




* other rigid film and foil, and
* artificial leather.
In this respect, also in relation to point 2, the tendency to introduce Ca/Zn stabilisers as
an alterantive can be questioned. Though maybe not as problematic as lead or organotin,
zinc is also a priority substance in the reduction programmes for diffuse emissions of
metals in e.g. the Netherlands. In LCAs, emissions of zinc tend to have relative high
scores on terrestric ecotoxicity.
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2. Sludge from the water treatment plant at Hydro Plast is still landfilled, though it
contains minor amounts of dioxins. Here also uncertainties about the long-term
fate of the dioxins arise. Since Hydro Plast on short term will have this sludge
incinerated, the uncertainty will be reduced to zero.
3. The most important persistent and bioaccumulating substances produced in the
EDC/VCM production are well monitored. Examples are dioxins, chlorophenoles
and chlorobenzenes. There is no unexplainable gap between the emissions of
individual measured substances and sum-parameters like AOX. The volume of
possible emissions of 'missed' substances is thus in any case low. However, even
low volumes might have important effects. The low uncertainty that important
substances might still have been missed may not be neglected. Furthermore, the
known emissions of persistent and bioaccumulating substances are not negligible,
like an emission of 90 kg chlorophenoles a year. It is very difficult to model the
final fate of such substances, and the relatively low score with the USES-
equivalency method applied in this study can not be seen as final proof of
harmlessness.
4. Toxicity standards for substances like EDC and VCM do not include the fate of
eventual degradation products. Important amounts of unidentifiable organochlorine
can be detected in nature. There is uncertainty whether degradation products of
EDC and VCM can contribute to this.
Conclusions with regard the reduction of the actual environmental burdens within the
studied system include the following aspects:
5. On the themes acidification, nullification, odour and ozone depletion the
contribution to the Swedish total is, even taking into account all possible
uncertainties, of marginal importance and much lower than the benchmark.
6. Apart from toxicity, the landfill volume, global warming and smog formation
related to the PVC chain are the only themes with a more than marginal
contribution to the Swedish total. They score in the order of magnitude of the
benchmark. For segments contributing to landfill volume we refer to 1). Segments
contributing to global warming and smog formation are:
* the carbon dioxide emissions from the incineration of chlorinated waste from
the VCM production and the EDC cracking;
* (possibly) the methane and carbon dioxide emissions from landfill (which
once again leads to the segments already indicated under 1; as stated before
the methane emissions are based on rather questionable model calculations)
* the VCM and EDC emissions from the EDC/VCM production;
* the VOC emissions from the p-PVC production;
* the VOC emissions from the manufacture of products with flexible PVC
(assuming state of the art emission abatement is already installed; otherwise
this segment will be rather important).
47
It is logical to consider measures in (one of) these segments if improvement is
still desired, despite the only average contribution. An emission reduction of VCM
of almost a factor 2 is already planned by Hydro Plast.
7. The emissions of dioxins, lead and mercury contribute in general 0.1 to 1.4 % to
the total Swedish emissions of these substances. Leaving phthalates aside, these
substances dominate the toxicity problems related to PVC. The total Swedish
toxicity problem is caused by a lot of other substances as well. It seems
impossible to prove that the toxicity problems related to dioxins, lead and mercury
from PVC contribute significantly more to the Swedish toxicity problems than
PVC's importance for the Swedish economy. However, the fact that the contribu-
tions of individual substances are at or over the benchmark of 0.15 % shows there
is still reason to consider improvements. With the planned emission reductions of
90 % for dioxins and 100 % for mercury the future contributions for the indicator
substances will be between 0 and 0.14 % in 2010.
8. The potential small losses of lead and organotin in the production and use of
additives might be relatively important compared to the toxicity problems in the
evaluated PVC chain. The diffuse losses of lead in the use stage might be a few
times higher than the low 'certain' emissions of 36 kg inventoried in this report.
9. Measured in terms of emitted volume of phthalates, the following PVC chain
segements are the most important:
* plastisol building plate
* the automotive sector (mainly car undercoating)
* roof covering.
10. Uncertainties in the Swedish totals and in the LCA-characterization step make it
dangerous to draw final conclusions with regard to the contribution of phthalates
to the Swedish toxicity problem, or their relative importance compared to other
processes in the PVC-chain. If the USES-equivalency factors are adequate,
phthalates seem more important for toxicity than other emissions from the PVC-
chain for terrestrial ecotoxicity, aquatic ecotoxicity and (if high BCFs are used)
also for human toxicity. But only for human toxicity in the high BCF case do they
come close to the benchmark.
11. If the USES-equivalency factors and the ETH-emission data for ethene are
adequate, from a comparison of theme scores one could cautiously conclude that
for aquatic and terrestrial ecotoxicity the problems in the supply chain of ethene
might be relatively important compared to the toxicity problems in the evaluated
PVC chain.
12. As far as toxicity problems are caused by phthalates, this study suggests that
human toxicity is mainly related to emissions of phthalates to air, aquatic
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ecotoxicity to emissions of the relatively soluble BBP, and terrestrial ecotoxicity
to the total phthalate emissions.
13. It has to be stressed that the evaluation in point 10 to 12 is made on the basis of
currently accepted risk levels. They do not yet take into account endocrinic
effects. Phthalates especially are at this moment under discussion with regard to
such effects and subject to testing. If (individual) phthalates showed such effects,
this might result in tougher standards. In that case their relative importance for the
toxicity scores may become higher.
This study did not evaluate the pro's and con's of measures that deal with these
uncertainties or priorities. We merely give some examples of responses developed
elsewhere, like the introduction of lead and organotin-free stabilisers and recycling
schemes to deal with point 1) and/or parts of point 6), sludge incineration to deal with
point 2) and emission reductions, (analytical) research and/or bioassays to deal with points
3 and 4. Whether there are other solutions, and if so, which is to be preferred in the
Swedish situation, could be a study in itself. We therefore abstain from recommendations
on choices on the technical implementation of measures.
5.4 Conclusions with regard to LCA Impact Assessment of toxic releases
The experiences in this project underline the fact that toxicity evaluation might be still one
of the weakest points in LCA impact assessment. In the early years of LCA methodology
development, the so-called 'critical volumes' approach was often used. A quantity of
emitted substance to air was divided (mostly) by a policy standard for the desired air or
water quality. Since those policy standards were not based on a uniform toxicological
basis, subjective elements in the toxicity score of a substance were introduced. The Dutch
LCA-guide (Heijungs et al., 1992) made a major step forward by using a uniform
toxicological basis, but still did not include the fate of a substance. Thus the potential
toxic effects of readily degradable substances were still orders of magnitude over-estimated
in comparison to persistent substances like dioxins and metals. Aware of this drawback,
the authors of the Dutch guide recently published the USES-based method, which has the
potential to overcome most of the problems referred to.
This project is probably the first time these USES-type equivalency factors were applied.
Unexplainable differences in toxicity scores for similar substances like a number of
phthalates were initially found. A check showed that outdated or unrealistic default values
had been used for USES. For some substances there appeared also to be scientific
disagreement on the most appropriate way to assess key substance parameters like
solubilities and bioconcentration factors (BCFs). We checked the equivalency factors for
the 7 most important substances in our study by an analysis of the data on substance
properties in the USES database and recent literature. In 5 cases we found major differen-
ces or uncertainties in parameters like melting points, photodegradation rates, water
solubilities and BCFs. (see part III, chapter 2). Our recalculated equivalency factors differ
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by up to a factor of 1000 or more from the original values. In the interests of achieving
optimal toxicity evaluations in LCA, we therefore recommend:
that all other equivalency factors published so far are checked;
a prudent use of the factors until this check is completed;
making an estimate of the order of magnitude of the uncertainty in the equi-
valency factors. Such uncertainties will almost inevitably be caused by:
a) acceptable, but different estimates reported in literature for USES input
parameters like degradation rates and the Kow partition coefficient;
b) the fact even an elaborated model like USES is a simplification of reality,
which leads to structural uncertainties in the model itself.
More importantly, we strongly urge the LCA-community not to overestimate the
possibilities of obtaining meaningful results for policy making and priority setting for
toxicity problems with LCA impact assessment. The fact the USES-equivalency factors
differ by up to several orders of magnitude from the former factors indicates the
weaknesses in all LCAs performed up to now. But this study shows that even with the
USES approach there might still be a few years to go before qualitatively good
equivalency factors are available for a reasonable number of substances. Only then might
one hope that the uncertainty in a toxicity assessment in LCA will be lower than one order
of magnitude, which seems the minimum for meaningful results. In the worst case, the
uncertainties in the USES model and estimates of substance properties could be so high
that a calculation of meaningful equivalency factors is just impossible. In that case the
LCA community should refrain from publishing anything that looks like a guide for
toxicity impact assessment.
5.5 Suggestions for further research
Further research can be suggested in the following directions.
Firstly, the most important area for additional research is a better fate and toxicity
evaluation of the emissions of phthalates. This should be done by a classical risk
assessment approach. It is strongly suggested that final answers about possible endocrinic
effects of phthalates need to be obtained in the near future, since this can have a major
influence on the risk standards used as an evaluation basis. The current work on phthalates
directed by Sweden and France in the framework of the EU risk assessment programme
for existing chemicals seems a proper framework for such research. Some attention should
at least be given to the question of whether dissipative uses of phthalates in non-PVC
applications are indeed marginal (i.e. much less than 1 % of the market).
Secondly, the rather limited system studied here can be extended. The study did not
include processes that produce materials used in the PVC-chain, that can have important
environmental interventions. Also, not all relevant additives have been included in the
analysis.
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Thirdly, for cables more insight is needed in the long-term leaching of phthalates. There
are indications, though certainly not very convincing, that the emissions of phthalates
could be one or two orders of magnitude higher than regulary assumed. This could be
very important. It is recommended that on the basis of the results of the current research
on cables in the landfill project of ECVM, ECPI, Norsk Hydro and some other branch
organisations it is evaluated whether cables should be a priority under point 10 of
paragraph 5.3.
Finally, this study could have benefited from a more extensive database with total
emission data for Sweden than is available now. Though the available data certainly cover
a number of very important substances, the Swedish emission inventory is not as extensive
as e.g. the Dutch emission records. A more complete insight into emission and waste data
in Sweden can further improve comparisons like those made in this study, and thus
environmental priority setting in general.
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Legend for substance flow diagrams
All amounts in kton
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